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HE Ax r or Mzasux mc, like all other uſeſuł 

1 inventions, appears to have been the offspring 
of want and neceſſity; and to have had its origin in 
thoſe remote ages of antiquity, which are far beyond 
the reach of credible and autheritic hiſtory. - Egypt, © 
the fruitful mother of almoſt all the liberal ſciences, 
is imagined likewiſe to have given birth to/GzoMe- - 


TRY or MensvURaTion; it being to the inunda- 


tions of the Nile that we are ſaid to be indebted; 
for this moſt perfect and: delightfal: branch of human 
knowledge. L247 #2. Þ | . 
After the overflow ings of the. river had deſuged the 
country, and all artificial boundaries and land-marks 
were deſtroyed, there could have been no other me- 
thod of aſcertaining individual property; than by a 
a Wur- knowledge of its figure dimenſions 
rom this circumſtance, it appears highly probable, 
that Geometry was firſt known and cultivated by the- 
ancient Egyptians; as being the only. ſcience Which - 
could: adminiſter to their wants, and; furmſh them 
with the aſſiſtance they required. The name itſel6 
ſignifies properly the art of meaſuring' the earth; Which 
ſerves ſtill further to confirm this opinion; eſpecially. 
as it is well known. that many of the ancient mathe- 
maticians applied their {geometrical knowledge en- 
tirely to that purpoſe ; and that even the Elements of 
Euclid, as they now ſtand, are only the theory from 
whence we obtain the rules and precepts of our pre- 
ſent more mechanical practice. . 
Hhaut to trace the ſciences to their firſt r = 
nings, is a matter only of learned chrioſity, which. 
5 e could. 


-— 


rr 34 FP Vf op © 


could afford but little gratification to readers in ge- 
neral. It is of much more conſequence to the riſing 
generation to be informed that, in their preſent im- 
proved ſtate, they are exceedingly uſeful and impor- 
tant. And in this reſpect, the art J have undertaken 
to elucidate 1s inferior to none, arithmetic only ex- 
cepted. Its ufe in moſt of the different branches of 
the Mathematics is ſo general and extenſive, that it 
may be juſtly conſidered as the mother and miſtreſs 
of all the reſt, and. the ſource from whence were de- 
rived the various properties aud principles to which 
they owe their exiſtence. | | 

As a teſtimony of this ſuperior excellence, I need 
only mention a few of thoſe who have ſtudied and im - 
proved it; in which illuſtrious catalogue we have 
the names of Euclid, Archimedes, Thales, Anaxago- 
ms, Pythagoras, Plato, Apollonius, Philo and Pto- 


lemy, amongſt the ancients; and Huygens, Wallis, 


Gregory, Halley, the Bernoullies, Euler, Liebnitz, 
and Newton, among the moderns; all of whom ap- 
plied themſelves to particular parts of it, and greatly 
enlarged and improved the ſubject. To the latter 
eſpeclally we are indebted for many valuable diſco- 
veries in the higher branches of the art; which have 
not only enhanced its dignity and importance, but 
rendered the practical application of it more general 
and extenſive. 1 Frame 
The degree of.eftimation in which the art was held 
by theſe and other eminent characters, will, in gene- 
ral, it is apprehended, be thought a ſufficient enco- 
mium on its merits. But, for the ſake of young peo- 
E and thoſe of a confined education, it may not 
be amiſs to give a few more inſtances of its advantage, 
and ſhew that its importance in trade and buſineſs is 
not inferior to its dignity as a ſcience. Artificers of 
almoſt all denominations are indebted to this inven- 
tion for the eſtabliſhment of their ſeveral occupations, 
and the perfection and value of their workmanſhip. 
Wirhout its aſſiſtance all the great and noble ons 
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of Art woald have been imperſect and uſeleſs.» By: 
this means the architect lays-down his plan, and 
erects his edifice ; bridges are built over large river 
ups are conſtructed; and property of all kinds is + 
accurately meaſured, and juſtly eſtimated. In ſhort, 
moſt of the elegancies and conveniencies of liſe owe 
their exiſtence to this art, and will be multiplied in 
proportion as it is well underſtood, and en 
practiſed. ta” 
From this view of the ſubject, it is bardly to be 
accounted for, that, in a commercial nation, like 
our own, an art of ſuch general application ſnould 
have been ſo greatly neglected. echanics of all 
kinds, it is well known, are but ill acquainted with 
its principles; and thoſe Who have been the beſt: 
qualified $0 afford them any aſſiſtance, have thought: 
it beneath their attention. Till within a few years 
paſt there could not be found a regular treatiſe upon 
this ſubject in the Engliſh REES Some par- 
_ © ticular branches, it is true, greatly — 
tivated and improved; but theſe were W. to be 
found in their miſcellaneous. ſtate, interſperſed through 
a number of large volumes, in the. poſſeſſion of but 
few, and in a form and language totally unintel- 
ligible to thoſe ** whom they were — e 
neceſſary. 5 | 
Dr. Hutton was the firſt Eee! in this 0 » 
who undertook to collect theſe ſcattered fragments, 
and to treat of the ſubject in a- ſcientiſic, methodical 
manner. A ſmall treatiſe by Hawney, and ſome 
others of little note, had indeed been long in the 
hands of the public; but theſe were extremely rat 
fective, both in matter and method; neither the prin» 
ciples nor practice of the art being properly or clear 
explained. Before the publication of the treatiſe 
abovementioned, Mr. Robertion's may be conſidered 
as the. only book, of any value, that could be con- 
ſulted, either by the artizan or mathematician; and 
had = gwen the * as well as che practice of the 


art, 
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art, anddiveſted his rules and examples of their alge- 
braical form, there would have been no want of any 
other elementary treatiſGG. 
Io theſe two writers I am greatly Wa for 
many things in the following pages, and am ready 
to acknowledge, that I have uſed an unreſerved 
freedom in ſelecting from their works, wherever 1 
found them to anſwer'my purpoſe. To Dr. Hutton 
I am particularly obliged, and am fo far from de- 
firing to ſupercede the uſe of his performance by this 
publication, that I only wiſh it to be thought a 
uſeful introduction to it. His treatiſe is excellent in 
its kind; and had it been as well calculated for the 
uſe of the uninformed Artiſt as it is for the Mathe- 
matician, the following compendium had t e 
never been publiſhed, | 
Tube method I have obſerved; in compokin this 
work, is that which was uſed in the Schtlar's 
Guide to Arithmetic ;* and, as my object has been to 
facilitate the. acquirement of the fame kind of uſeful 
knowledge, I am not without hopes of its. being re- 
ceived. with equal candour and approbation. - a 
In fchool-books, and thoſe deſigned for. the uſe 
of learners, it has always appeared to me, that 
| and conciſe. rules, with proper exerciſes, are- - 


entirely ſufficient for the purpoſe. In ſcience, as well 


as in morals, - will ever inforce and werke 
recept; for this · reaſon an operation, wrought out 
| = length, will be found of more ſervice to-begin-- 
ners thin all the tedious directions and obſervations: 
that can. poſſibly be given them. From conſtant expe- 
rience I have been. — in this idea; and it is 
in purſuance of it that I have formed the plan of this 
publication. I have not been ambitious of adding 
much new matter to the ſubject; but only to arrange 
and methodize it in a manner more eaſy and rational, 
than had been done before. 
The text part of the work contains the rules: 
in ron at length, with examples to exerciſe. * 8. 


3, 


NTA M8 
and, in order that the learner may not be perplexed 
and interrupted in his progreſs, + the remarks and 


demonſtrations are confined to the notes, and may 
be conſulted or not, as ſhall be thought neceſſary. 
To thoſe who would wiſh not to take things upon 
truſt, but to be acquainted with the grounds and 
rationale of the operations they perform, they will 
be found 4 and for this purpoſe 
I have endeavoured to make them as eaſy as the nature 
of the ſubject would admit. But they can be con- 
ſulted only by ſuch as have made à previous. ac- 
9 with ſeveral other branches of mathema- 
earning. y oh 1: 366 ann 
Some of the moſt difficult rules relating to the 
ſurfaces of ſolids, &c. could not be convenientiy 
given, but by means of algebraical theorems; and 
as this was foreign to my purpoſe, I have not ſerupled 
to omit them; being well perſuaded that what is done 
upon that head will be fully ſufficient to anſwer molt 
practical purpoſes. In the Practical Geometry like» 
wiſe, which is prefixed to this tręatiſe, ſuch problems 
only are 8 as were known to be moſt inti- 
mately connected with the ſubjett. And as this part 
of the work is a proper aud neceſſary introduction to 
the reſt, I have ſpared no pains in making it as clear 
and intelligible as poſſible. i 


Upon the whole, I have endeavoured to conſult the 
Wants of the learner, more than thoſe of the man of 

ſcience. And if I have ſucceeded in this reſpect, my 
purpoſe is anſwered. I have not ſought for reputation 
as a mathematician, but only to be uſeful as a tutor. 
N. B. The favourahle reception this Work has met 
with, has induced me in this Edition to make ſuch 
Alterations and Additions as have fince occurred to 
me, and which are ſuch as I hope will render it ſtill 
more acceptable to the Public. OE * 
Reyal Academy, Wogkwich, d 
_ March 1, 1794. | 158 3% 
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Geometrical probleme. 
Or rs Mensur+TION or SUPPRFICIES, - | 
To find the area of x paraliclogram, 35 abi 
- To find the area of a triangle, (+: 
T's find the fides of a righi- angled eriangle, 19 
1 * trapezlum,  - + wel 
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Of a parabola, nd” its parts, Whz - 
To conſtruct an hyperbola, - = i 
Of an hyperbola, ang its para 
Or Tur MORIA TION OF- SOLIDS, 
Definitions 1 
To. find the ſolidity of a . e 
To find the ſolidity of a dae pe. * 
To find. the ſolidity of a priſm «. 
Of a cylinder, and its parts, - ep 
Of the cone and pyramid, and their parts, 1 
FD find the and of a wedges =, *, 
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To find the he ld of a eine, 8 
ES no 2 

Of a circular ſpindle, n — 

Of a ſpheroid, and its parts, | 

Of 972 Lax er ſpindle, and its parts, THING? 

ic conoid, and its parts, 

on a lk ſpindle, and its parts, 


Of an hyperboloid, and its parts a 
Of the regular bodies, 5 33 7 
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* DIFFERENT MEASURES \ sro IN THIS work. | 


8 ah pray LES, 1 0 85000 kgs 
2 1 4 al Meaſures, Tx" þ 27 © Square Meaſures ., | 
25 make 1 foot. 144 inches make 1 foot, 
12 - - - 1yard,, 9 feet - - 1 yard. 


6 - - - 1 fathom. 36 feet 1 fathom. 
161 . Ate. Pine pole, 2721 feet, 1 < $4 pole, 
54 yards, or gok wil Tor rod. 
* poles . —. poles 1 furlong. 
S + furlongs « - 1 mile. eh, . mile. 


b « Fate, The chain ROPE uſe of in meaſuring land, | 

called Gunter's chain, is 4 poles, or 22 

yards in in ngth, and conſiſts of 100 equal links, each 
ink being Tod of a yur or 7. "1 inches long. 


0 An acre of land is alſo equal to 10 ſquare chains; 
that is, 10 chains in length, and 1 in breadth; or it 
is 4840 ſquare yards, or 160 ſquare poles; or 100,000. 
ſquare links., | 


Note alſo, that in Land Meaſure, And in Cubic Meaſure, 


40 perches, or 5 1728 inches make 1 foot. 
2 make 1 food. 27 2 - _- 1yard. 
- 4 ro0ds = «=» - » = I acts 1663 yards = - 1 pole. 
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DEFINITION. 


| EOMETRY is that ſcience which treats of the 

15 "- deſeriptions and properties af magnitudes in 
5 general. Fr 
2 „ A joint is that which has no part or dinien- 
ſions. 


5 A line is length without breadth; and is bond. : 
or extremes are points. . 
4. A right line is that which lies evenly! beiween id 
extreme points. 
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6. A plane wer ficies 15 chat which touches; i in every 
part, any right © lin 5 that can be OR in that ſuper- © 
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PRACTICAL GEOMETRY. 


Kal] a is that which has length, breadth and 
and its bounds, . e MOOR. 


8. A plane refilineal angle 1s the e en or 
| opening of two right lines which meet in a point 5 


9. One line is faid to be perpendicular to another, 
when it makes the angles on both ſides way it Ae to 
aber. | 
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10. A right WET is that which i is formed by two 
lines that are n, to each other #, 
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. Any angle differing from » rights, by fm write 
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Which remains fixed. 
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Dey oy which i it is contaegd. 
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_ _ - PRACTICAL GEOMETRY. 
11. An . angle is that + which is lefs than a right 
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12, An ag cog cat which is + greater than a 


13. A tirck is a T7 1 15 formed by the revo-. 
* lution of a right line, about one of its extremities, 


> 


14. The centre of acircle; is the point about which 
it is deſcribed ; and the circumference is che line or 
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neſs, is ſometimes called a circle. 
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* N. B. The ** itſelf, for the cake of conſe 
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' 115. The radius of a circle is a right line drawn 
from the centre to the circumference. | 


MX 


E . & | | 
8 46, The diameter of ; a cixcle i is a_right line Jo 
through the centre, and ne * 755 the 
7 circumference. 45 F I 
5 2 
1 "7s of a ap en rer 
3 circumference. | | Digs Wt | 
* Pa Ex 
2 1 AR * ö | 4 5 * * 
RIS. © A chord i is a right line joining the extremities 
13 of an are. . 
| 32 a 5 5 
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PRAOTICAL GEO TRY. gp 


19. All plane figures bounded by three right lines 
are called triangles. * , 
20, An eral _ is * nhl three ſides , 
are all equal, 


21, * 1 tri © that which hs only we 
of its ſides equi, 7 1 
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24, 2, A pas ingh vue bv ll je he 8 
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ſides unequal. 


23. A 282 — i chat which 0 
right angle Keks 
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— — — mere 
r a right angod ese e 
an oblique angled triangle. c 
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e deri me 18 80 which has ane 
obtuſe angle. 


25. An acute-angled riangl is that which has all its 
angles acute. | 


4 


26, All u plans Ae; bounded by * . lines,” 
are called quadrang/es, or quadrilaterals, 
27. A ſquare is a quadrilateral, whoſe ſides are all 


equal, and its angles all right angles. 
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28. A ada is a quadrilateral whoſe de are al 
equal, ou its _ not right angles. 
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. © Thi uy woting monk, e is fomerimes called a 
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PRACTICAL GROMETRY. «<7 
29. A parallelogram is a ee whoſe Teen 


ſides are parallel. 


30. A AIRES is a ee. whoſe z0gles are 
all right rl | 
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31. A rhomboid is mts whoſe angles are I 
not right angles, f ö 
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All other four-fded d 5gures, beſides wels, are 
d geen, 
ht line joining any two oppoſite angles of 
2 52:55 figure 1s calls the . 
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34. All plane. figures contained under more than. 
four idevare called 
35. Polygons having five "+ WY are called pentagons ; 
thoſe of fix tides, . ; thoſe of 8 N= . 
and ſo on. 
fs 
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'8' | PRACTICAL/ GEOMETRY: 
36. A rigular is that whoſe an es, ns well 
as ſid es, rigs all a- . 


37. Parallel e lines are ſuch as are every whey 


at an equal diſtance; or which if infinitely produced 
"uu never meet. 
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Zs. The bet of any figure is that ide on which it 
is ſuppoſed to ſtand; and the altitude is the perpen- 


0 falling upon it from the oppoſite * and | 
39. In a right- angled triangle the fide oppoſite to 
the right angle is called the Hypothenuſe 3 and other 
two fides are called . 


40. An angle ib denoted by So letters, 


. „ men * 
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1. The — of every circle is 

to be divided into 360 equal parts, called degrees ; 
= degree into 60 equal parts, called minutes; and 
o on. | 
42. The: meaſure of any right · lined angle is an 
are of 3 a circle contained between the two Ugo 
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which form that e, che angular point being the 


Centre. 


" 7 
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Note.” The angle 1s e 455 the number of de- 
ees contained in the arc; whence a right angle is an 
angle of 90 — or of os carcumborence. 
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PROBLEM 122 
15 divide 4 given lis as int wo equa parts 


| From the points A and 8, as centres, with any 
diſtance greater than half as, deſcribe arcs va, 
each other in 2 and . . 

2. Through theſe points draw the fe * u, and 
the point x, where it cuts A B, wil be the middle of . 


the line 3 


= — — 
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» The 3 of moſt. of theſe problems. mr; be. 
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To divide a given gs ABC into two wy parte. | 
- Is | 2 
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1. From the point B, with any radius, deſcribe. 
the arc ac, 


2. And from 4, c, A the ſame, or any other 
radius deſeribe arcs cutting each other in #. 


Through the point » draw the line Bn, and it 
will biſeR the angle r Cc, as was required. 


PROBLEM III. 


From @ given nt c, in a given right Ine 4 to 
ens prpendclr, 


CASE I. When the point is near = wu. of the line. 


e 


A 


PRACTICAL GROMETRY. "av |. 
1. On each fide of the point. o take any two equal 
diſtances Cn, . 
2. From » and u, with any radius greater than 
cn or cm, deſcribe arcs cutting each other in z. 
3. Through the point 2, draw the line 30, and 
it will be the perpendicular Rr Rea ; 


x 


ens II. When the point is at, or near, the end of 
the line. ES | | 
9 4 . | | 
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I. Tale any Eee o, and with the radius or dit ö 
tance oc, deſeri arc , cutting aB in m 
and c. 
2. Through the centre o, and the point my draw 
the line mon, cutting the arc Cx in u. 
3. From the point », draw the line 2 c, and | it will 


be the perpendicular required. 
Anothei method. 
2 i 
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arc ran, cutting the line ac in 5 
2. With the ſame radius, an 
— in „; and from ke manner, croſs it in mM, 


3. From the 


other radius, de 


* be the N required... © 
| PROBLEM IV. 


- 


1 


cribe arcs 


From: a Hoes point c, 


8 4 perpendicnlar- 


2 n and m, with the 


PRACTICAL) n Y. | 
1. From the point c, with any radius, deſcribe the 


r. 5 


ſame, or any 


cutting each other in _. 
4. Through the point v, draw the line 5 11 7 
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out of a given line 42. to let © 


Cas I. When the point 15 nearly el, to the- middle 
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. From the Pant C, with any radius, deſcribe 


the arc u, cutting a in u and n. 


2. From the, points », m, with the ſame, or any 
other radius, deſcribe two arcs cutting each other 


in 4. — 


th 


Aa 


1 


- — 


2 


— 


13 FI method of of raiſing a perpendicular from any point 
n way be foepar page 40. 


- a 2 
: | £346 a © 7 
7 


% 
4 


* 


+» 


KA 


3- Through 


4 
. 


- 
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Thro hes 0207 e ie 45 

and c wi endicular requir d. W. 

Ce II. Ihen the point ee Ste BL 

A 24 5 13 200 LED 4B 2 
NN. e 


1 
Ct: Agent L 1. 


: 


#3 #4 * = 
” ww - 
- | * . 5 * 15 . : do — 
; 4 a3 = | 14 4 3s wi $2 71 
( FONG 2 
. 4 by. 
* . . - * 1 - 4 . cr » 
- p —_ * _ — . * — — . 
: 1 fN - I 4 a, N FLA Ss © - # : * * p - 4 57 — 1 9 - = 
, = ESSE 
£4 0 »\ ; . 2 1 FW 114 df 1 . : 
: — 
* 14 9 * ) 4 9 4 * 7 
— & # 4 * = 
1 B 
LY 


* . 4 „ = 
1 3 


A. 


1. To any point m, „ in the Ae ab, draws the-line 


Cm My oh 

ke 2. Bicer che line om, or Uivide i it into cee, equal ber be do 

parts, in the point u. | n 
3. From », with the radius um, or n C, deſcribe 

the arc con, cutting A B in c. Se 

4. Through the point c, draw the line co, and it. | 

will be the PORN ren, | 


| 


| eule method | 
e 8. 1 


, _ — ——U— + -—- w_ras_d 
- + | 
- N . 2 
, . 0 wy N . 0 
” Y 4 , 
* r 1 — ** — 2 auß — da ” — .. =O * 2 {SR 5 9 
« — 8 — — — L * * » # =” * \ ad y * * * 0 T 
F * 1 1 5 „ Fd 32 i 92 wor 7 7 * . 5 8 . 2 I 
| — - > . - : 
-- F : . 4 — — —— 1 * * 4 
b 4 i A WR 7 Sf; own vnA 2 ; 
. . os L 22 
| 8:19 „ 9112-31013; 49.855 > | 
. * 
- — - ..N : 147 
4 * 1 wals * 22 * =- 4 3624457 If £4. . 7 641A 2 
. - — 
5 3 * Mt 11 8 
— P * „ # Pd > 0 xs 
— 4 = 03 8 + % M6, 5 
. — dt " * A... * > bf Þ w 1.4 1 4 2 
* ; © # 4 Cx 
* n 4 2 4 44 1 5 tas 1 T | 
— ” ? 
- > , a N 
- — „ = * 
4 | £ . From 25 
: 2 | | | 9 i 
by . 2 0 "rh 
, - 7 
— 
F ' 
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4 nee aT GEOMETRY. 


| radius zc, deſcribe another arc cutting the former | 


and c d will be the perpendicular required. 


let fall, in practice, by means of a ſquare, or other 


1. From 4, of an any other point in AB, with the 
radius a c, deſcribe the arc o . 


2. Aud from any other point , in a , with the 


in c, D. 


3. Through the points c, D, draw the line c Gp, 


N.B. Perpendiculars may be more eaſily raiſed, and 
proper inſtrument. 


* 
1 — — — as. 2 


PROBLEM v. 


Te tri 160, or divide a right 2 8 4 450 into A 
Oe parts. © 


1 


1. From the point B, with any din s a, deſcribe 
the arc a c, cutting the legs BA, BC, in A, c. 
2. And from the point a, with the radius AB or 
BC, Croſs the arc ac in u. 

3- Alſo with the ſame radius, from the point ©, 
"croſs it in . 

4. Through the points m, 3, draw the lines nm; 
1 1, and they will ue * angle as was required. 

6 f PR O- 


- 


PRACTICAL Gtonterty.” WIS. 
PROBLEM I. 
4 «pom vi as an eu! Wir given, 


angle ABC. 97 E 


1. From the point 5, with any radius, deſeribe 
the arc an, cutting the legs Ba, BO, apes 16s 2 
m, u. 
2. Draw the line p E, and from the point D, with 
the ſame radius as before, deſcribe the are rs. | 
- 3: Take the diſtance mn, on the former are, and 
apply it to the arc rs, from r to . 
4. Through the points 55, draw the line v and 
the angle E Dr will e 9 ABC as Was 
required. | r 7 


PROBLEM vn. 
To draw a line parallel to a given line AB. 


Cas I. When the parallel line is ta paſs ne- | 
Er 7 ; 6 


16 PRACTICAL GEOMETRY.. 


75 
1. To an, * the =o” © . any right line 


OO 


2. From: the 5 m, a hs 8 © de- 
e een N 


And with the ſame radius, from he po point « C, 5 


ſec the arc 7. 


4. Take the diſtance cn, and apy, to the arc | 


eee \ 


2 Through the points c, r, draw the 10 0 ern, 
it will be Parallel to * * as was required. 


Cask. II. When the paall}- - line is 1nbe at give 
Aſtanct from AB. - os 6 Cot ee eee nts tt 63 
D 1 123 2 m GG. Fr 7 N 


— 


, — 
Gai 1 * 
F * - 
. ; - 
= * 4 
57 4 & g 4 
* - > | 
oy — 1 f "EW "5 ng „ „ -u ten — F 9 989 & * * 
N 4 4 + i 4 * 
— ” 
1 n : "* © : * : A "= : 
8 i - Fa ,_ » * 4 * * 12 
1 r 8 , 1 — | 4 1 * 
A, : . 7 lp - — 7 ” 4 "*" * 7 _ + + "= „ 7 * 4 
VTV 
1 . * 24 1 ” —— ity 
8 


1. From any two pos 7 5 in the ne A. B, nid: 
a radius equal” to t om —_— deſcribe 75 


1 8 arcs 2, m. Pr N 424 
. Draw the this 90, to touch thoſe arcs with- 
out cutting them, and it "WA be * to AB as was 


. required. - . + * 
* N. B. The former caſe of this ont ph as vel as 
+ ſeveral other operations in Practical Geometry, may be 
| more 3 effected by means of the 22060. bh ruler.“ 


8 This ruler may be had of all fizes, but is uſually put into 
a portable caſe,. with a drawing - pen, 2825 W and 
8 4 855 3 


* 
8 . 
* . G * 


— 
* F 
: 


* 


PRACTICAL GEOMETRY?» / 


We 
4% 


Kobe Vink bib i907 723 
fit open eee, 


94) 6.4 * * I. . * 1 2125 


1. From en line Ry a m, makin 
any angle with a_n; and from n, the, other cad, 
draw Bn, making an equal angle 4 1 5D 

2. In each of the lines 4 m, 5 , beginning at 4 
ie of any length, as 
e N 1 

oin the ints 4 1 2 3, &c. AR 

be divided as a require DE: 

Note. B n ma Trp 


2 
® 
* 
. * 
. \ 2 
= 
41 # *% - 7 * 
190 ele 
E 
ye * * 8 . 5 4 = 
3 ST 1412 
A Lo 5 © 5 #s 
— +42 IM | 
5 ” — * - 127 PSS 
COST, THI 4 um 
- 
2 
10 ” — — vos 
* 
” * * 
N 1 # 
* h. 287 53991 5x 
; * 2 . 
5 91 97825 


of a Eni rules ; L | . 


3 


18. PRACTICAL GEOMETRY. 

1. From the point a draw any line az, and ſet on 
It as many equal parts, n one, as A B is to be 
divided into. 

2. Through the points 3 B, draw the lie 3B M, 
and take upon it the ſame number of parts, each 
equal to 3 2. | 

3. From the point u, in 3 B m, draw the line m I 2, 
cutting A B in 1. 

4 Upon 4 m, take the parts 1 2, 2 3, and 3 A, 
each equal to n I, and the line will be divided as was 


_ | 
_ It will be convenient in praQice to draw A n 
ſo that B neee 


7 ws 4 PROBLEM N. 


5, { the conre-of « given circle or one ahuaty 
Pere | 


Y © 


Draw any chord A 5 r biſect it with the 
perpendicular C D. 

2. Biſe& c o, in like manner, with the chord E v, 
9827 thei non o, will be ar centre AE: 


— — — 
D 


ud The carte of a given circle, or A it, may allo 
be found as in the next problem, «by taking three points in the 


7 5  PRO- 


| PRACTICAL GEOMETRY. _— 
EF PROBLEM X. Ii 


7 deſeribe the circumference of a circle va three 
gion Os 45 By C. | | * 


1. From the middle Fin v, draw de nes or 1 
chords, B a and a. 
2, Biſe& theſe chords perpendicularly, with lines BST 


meeting each other in 0. 
3. From the point of interſection o, with the ac 


tance o a, o B, or o c, deſcribe the circle, B.c, and 
it will be e | 8 | 8 
— Ac 
42 5-7 321 or WM - 
8 tangent 0 a given cirele, that ante + 
through a given point 4. 3 
Case I. When the point 4 it in the — 
the circle. 


PRACTICAL GEOMETRY. 


1. From the given point 4, to the centre of the 
cirele, draw the radius o 4. Fe 
2. Through the point a, draw c o perpendiclr 
0 9 A, and it will be the tangent required. IP 
ak — 8 . «+ , 


8 the fat: Att withou the om 


' — | 


1 9 . 1 82 


"0 the int 4 from the conr 0, aun te line 
t 


rom the point u, with the radius » a, or = 0, 
be the 2 e A B o, SO,” the W 
B. 


PROBLEM XI... 


. right lines 4, 1. to ful third pro- 


- 4 : = 

: - * | * 0 1 

1 * 8 : r . - 
. Wo — 

33 + . 


PRACTICAL GEOMETRY. e 

41. e eee _ 
any angle F C6. landes ts bart x00 4 
2. In theſe lines take c | equal;t0 the finſtiterm a, 2M 


and co, CD, each equal to the-lecond-jerm”B. . 2 —— 


A1 Join D, and draw n acyl 5 
will be the third ee required. tn. EA, 
"Thar 1 is CE (01 99 (») n e 1 5 — 


Ba PROBLEM. 
To three cow. right lines 4, B, G ro u fend 4 . 


8 1 64 * 


| 'S ** 7 5 27 N 2 2 Nan 


9 0 + t- 
a " = 
n 1 
| .C IP «Pz 4 3 
EZ 212.4; Ws of 


1. From the point D draw tro right lines making 
1 OM Q > 
In theſe lines take vy equal-to the firſt term a 
» equal to the ſecond B, I DH e ual to the third. — 
3. Join r x, and draw us parallel to it, and p 6. £4 
will be the fourth p roportionaf required 3 
"That's is Dy (+): DE * d n ese. ae —— 


12 PROBLEM *xIV; 1 
E — b. 99 283 By W SP — ; 


i 4 the ſemi-circle 1 b. 


I. Draw any n A which take CE equal 
to 4, and ED equal to s. 


2. Biſect e p. in o, and with o b or oc, as radius, 


wt; From the point E draw ET ndicular to c, 
um be Ge .mean proportto required, © 
That is c (rr: ED (5). 


PROBLEM, XV. 


. i 4B in the ame ph that | 
— wo © ne C7 is WN * . 


+ x; From the point a draw 4 p equal to the given | 


| Nino e, and. making any angle with A B. 


: 55 To av apply the ſeveral divifions of. C, and 


join o B. 


3. Draw the lines 44, 33, Kc. * para to 
DB, and the line a ; will be divided as was required. 


That is the parts A 1, 12, 23, 34, 4, on the line 
as, will be proportional to the parts o 1, 1 2, 23, 34. 


45, on the line c. 


F * „ this — which moſt frequently occurs, 
Z is that in which the given line is required- to be divided into 
eee have a given ratio; which may be done in 
N reer 


e P RO- 5 


* 1 1 "A F2 f 


1 


8 rb XVI. ne | 
we a given right, line” AB, 95 make « an ue 
. 


1, From the points 4 and n, with a radio equal 
to a B, deſcribe arcs cutting 1 mei 

2. Draw the lines ac, Bc, cd the figure ACB. 
will be the triangle required. 

Note. An iſoſceles triangle may be formed in the 
Tame manner, by taking any diſtance for radius. | 


PROBLEM XVII. 


To make a triangle wwhoye three Her ſhall be nee, 
mn Fe „ | 


- 
* 5 
1 


F 
— a 


a Foe E — N 
4 as i US 7 — * — 2 

'» The three given lines müft be each cr ſuch b « nia | 
n 


1. Draw 


OMETRY, 


1 Dh al of the given lines c. 
2 On Ty bit An gs equal to n, de- 

ws ſeribe an arc. rag © boy TTY ITN S753, », £8 WF: 
3. And on the point E, with a radius equal to a, 
le de another arc, cutting the former in rx. | 
4. Draw the * D K, . . DFE. will be the 

| wing required, | 


— 


I, Siem the point B, er ve © perpendicular and , 
equal to a s. 
2. On « and c, with the radins 4 5, deſcribe two 
35 cutting each other in o. _ 

3. Drav the bee v. © o, and the ne 
will be the ſquare required. 5 


More. A rhambis.may be made on the given line 
in exactly the ſame manner, if ac be drawn with 


te W obliquity, W of enden F 
4 N 2 en 72 $3 1 —— A c PR O- 


. it «1 N 4 © 


* 


— 


a PRACTICAL GROMUVRY: >, 1 1 


PROBLEM. Mr. 292 2 3 
To Abel a re&angle, whoſe length, and — 4. 
br tual ue l 2's a ©: | : ; 


| 2 2 AN \ : \ 
0 - 
| 8 1 = 
# 
* 
* F * 
— — 
: 1 
* ' 
_ . 
A — — 6 
* ? 
PAR SB, 


1. At the point x, in the given line A By ere the 
perpendicular 2 v, and make it equal to o. 

2. From the points p, a, with the radii a B and e, 
deſcribe two arcs cutting each other in E. 

3. Join 1 a and s 5, and a 5 u will be the 

rectangle required. 

| Note, A parallelogram may be bd in r — 
the ſame manner. 


To a given triangle 4. 8 © to inſeribe à circle. 


26 PRACTICAL GEOMETRY: 
1. Biſect the angles a and v with the lines ao and 
'BO. C 1 
2. From the point of interſection o let fall the per- 
pendicular o #, and it will be the radius of the circle 
required, "| l 1 
PROBLEM XXI. 


In a given circle to inſeribe an equilateral triangle, an 
hexagon, or a dodecagon, EY | 


i \ 


: 
« 4 — 4 


| Fer the beragon. 4 
1. From any point a as a centre, with 4 diſtance 
equal to the radius a o, deſcribe the arc Br. 
2. Join the points a B, or 4 f, and either of theſe 
lines being carried fix times round the circle will form 
the hexagon required. | | 
That is, the radius of the circle is equal to the fide 
of the hexagon; and the ſides of the hexagon divide 
the circumference of the circle into fix equal parts, 
each containing 60 degrees. 
For the equilateral triangle. 1 
1. From the point a, to the ſecond and fourth di vi- 
ions, or angles of the hexagon, draw the lines ac, AB. 
22. Join the points c E, and a CE will be the equi- 
lateral triangle required; the arc ac being one third 
of the circumference, or 120 degrees. 5 
| 178 | 7 


% 


\ 
— 


For the dedecagen. . 


ne 2330 hexagon 5 the | 


and the line a = being carried twelve times round the 


circumference, will form the Gadeeagon Toquiren, the 


arc a being 30 * 
If An be again bi Red, a polygon may be formed 


of 24 ſides; and by another biſection a a poygonof 48 


ſides; and ſo . 


'PROBL EM XXL: 
0 * a Auro, or an . in a given Circles 


1. Draw the diameters 1 D And AC, interſeQing 


each other at right angles. | 
2. Join the points 4 5, -B C, op, 2 D a, and 


a B © Þ inen "= 
| © For the oftagon. 


Biſect the arc a B of the ſquare in the point Sa 
the line a x being carried eight times round the cir- 
cumference, will form the — — 2 

If the arc as be again biſected, a polygon may be 
formed of 16 fides; and by another ONS poly- 
1 of 32 ſides; and ſo on. : 0 


C2 "*,"-" BRO. 


= 


— 


— 


28 PRACTICAL GEOMETRY. 
PROBLEM xxm - 


Toinſeribea pentagen; or decagin, in a given circle. 


For the gentages. 
1. Draw the diameters a, n at right angles to 
each other, and biſe@ the radius o in r. 
2. From the point r, with the diſtance vA, deſcribe 


the arc as, and from the point A, with the diſtance 
As, deſcribe the arc 5B. 


3. Join the points 4, B, and the line a » being 
carried five times round the circle, will, form the , 
pentagon required. 

Fer thi dame. | "oY 

* Biſe@ the arc 4 2 of the pentagon in c, and the 


line Ac being carried ten _ _— the circumfe-. 
rence will form the decagon re 


If the arc ac be again of hp a polygon of 20 
ſides 7 be formed; and by another Rel, a po- 
lygon o 828 ſides; and fo on. | 


* Beſides the figures eee and thoſe arifing 
from thence by continual biſections, or taking the differences, 


na other regular polygon can be deſerided from any known 
/ ent of mmm PRO. 


* 


PRACTICAL GEOMETRY. ag. 
PROBLEM XXIV# 
In a given circle to inſcribe any regular polygon. 


1. Draw the Gameter * m_ divide into as 
many as es. 

2. From 8 A By as centres, with the radius 
A B, deſcribe arcs ho cealing each other in c. 

3. From the point c, through the ſecond diviſion 
of the diameter, draw the line eb. 

4. Join the points a, o, and the line a b will be 
the fide of the polygon required. 

Note, In this conſtruction 4 b is che 1212 of a 
pentagon. 

Another no ſomething more accurate, is by 
erecting a perpendicular from the centre, of ſuch a 
length that os I rug without the circle ſhall be equal 
to 7 of that wi and drawing a line from its ex- 
tramiry through the ſecond divi 1 . 


This confirition is the invention of Renaldinus,” and 
was firſt given in his 2d Book De Reſol. Sc. Comp. Marbem. 


page 367. The rule for polygons in general is only an ap- 
proximation, but holds true in the equilateral triangle and 


8 9 
C3 PRO. © 


30 PRACTICAL GEOMETRY, 
11 


Ata. a given may 4 BC 10 e a circle, 
- 


1. Biſect the two ſides A 5, c wich the perpen- | 


diculars mo and 2. 
2. From the point of interſection 0, with the dif. 


tance OA, o B Or o 32 deſcribe the circle ACB, and it 


will be that gt 7- 406 | 
If any two of the angles be biſeQed, inſtead of the 


fides, the interſe&ion of the lines will alſo give the 
centre of the circle. F 18 
ä PROBLEM xXXVI. 307 4 


About a given ſquare - ABCD to ane. circle. 


* 


> - J 6 * 
F %. „„ 
F hy „ 0 * 5 , 
* * 72 | : 
| £0 | ; ; 
; * W 1 4 1* 8 1 
Pd 5 15 
1.7 + 3.3 F146 Franc f I 
4 — 3 3 
"# s T3156 


1. Draw the two diagonals 4 c 3 B b, inter- 
KH each other in o. 

rom the point o, with the Stance 0 Ks 03, 

oy or op, defribe the circle ABCD, and it il 


be that required. 5 
nr We PRO- 


PRACTICAL GEOMETRY. + 


© PROBLEM n. 
To circumſeribe a fquare about a given circle, _ 


— 


. "It * 


r. Draw any two nr no and rm at right” 
angles to each other, 

2. Through the points mor n,: . draw the lines * 
AB, c, e, and Da, bee to r and no, 
n are required." 


PROBLEM Ak © 
About a given circle to circunſeribe a fentagon, 


If each of therguddrarte way nm, — or deibiſeQed, and 


4 be dravyn to m Eur e 
will . 8 f 


\ ' r © ® 
; beg ; c . 1. nibe 
* — 


88 PRACTICAL GEOMETRY. 
1. Ink;ibe a pentagon in the circle ; or, which is 
the ſame thing, find the points x, m, v, 7,5, as in Pro- 
blem x x.111. 
N From the centre s, to each of theſe paints, draw 
the radii on, om, ow, or and os 
3. Through the points a, ”, draw the lines a B, Bc 
perpendicular to on, om; producing them till they meet 


each other at B. 
In the ſame manner, draw the * CD, D B, E A, 
** ABCDE will be the pentagon required. 
Note. Any other polygon may be made tocircumſcribe 
à circle, by firſt inſcribing a fimilar one, and then 
ne tangents to the circle at the ao points. 


PROBLEM XXIX.* | 
Kae 


1. Make Bm rene to a, and 4 to one 
half of it. 


— 
_- 8 r 


v In the former edition of this work, another method of 

gefcribing a pentagon was given, as firſt propMed by Aiberru: 
Dorer, in his Geometry, p. 55, printed 1632; but as that is 
only an approximation, and is pot more caſy in practice than 
| Wk Kc rn W 
| 2. Draw 
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. Draw A m, and Were till che part mn 
equal to a . 
3. From a and n as centres, with the N. B 1, 
deſcribe arcs cutting each other in e. Re 
And from the point o, with the ſame radius, or 
h with 04, or «nel ribe the circle A BCDE. 
5. Apply the line a f bve timey round the circum- 
ference of this circle, and it will form the pentagon. 
required. | 
Note. If tangents be drawn through the angular 
4, B, C,D, E & pentagon circumſcribing the circle 
be formed; and if the arcs be biſected, — 
ſeribing 3 may be formed. i 


r PROBGEM XXX, | 
On a given line 4 n to make a regular hexagon. © 


1. From the points A, B as s centres, with the radius 
a B, deſcribe ares gutting each other in o. 

2. And from the point o, with the diſtance © a or 
oB, deſcribe the circle AB C DEF. 

3. Apply the line a » fix times found the circum- 
ference, and 1 it will form the hexagon required). 


F IR 


„This contruden is founded on the principle, that the 
radius of every virele is equal to the GOO inſcrided hexa- 
gon, or the chord of 600. 

C 5 PRO. 


34 PRACTICAL GEOMETRY. _ 


5 PROBLEM XXII. 
On a gi den line 4 Þ to form a regular octagon. 
4 4 201 *%'F Os ; 11 1 KJ 


neee NED 
©.2 on” 


. 
r TT 
$4. 2 

. 


ix Onthe extivnts of the denn Hike AB rot the 
indefinite perpendiculars ay and Be. 

2. Produce a B both ways to n and =, and biſect 
the angles, mar and a with the lines A n and | 
BC. 
| „ eee ehen 
H 5 c ee, F Or BE, and alſo each equal to 
AB, 

| From o, v, as centres, with a radius equal to a R, 
detbribe arcs croſſing A r, ; R, in r and ꝝ; and if o v, 
FE, and E o, be drawn, ABCDEFGH will be the 
octagon required. 


Wy PROBLEM XXXII. 
Fon ke: arr fo a gives figure 4 4B cD r. 


% 


ea — te 
13 | Take a equal to the fide of the Spare requires, 


and from the angle a draw. the diagonals, a c, An. _ 
2. From 


4 


PRACTICAL GEOMETRY. 33 
2. From the nts 5, c, Adraw be e 4, de parallel 
eren, Dx, and abc; e 


The ſame thing may alſo be done by. the 
ang les i, e, die ereſpeQivelyequaltotheangles3,0,0,8. 


PROBLEM XXXIII. W 4 
Fo male « ier. equal to a given e ts ABCD.. 


a 84. 1 ga Ne 9 


A Draw the dia nat 5 e CE ale! 
to it, meeting the fide a B produced in . 


2. Join ren wal Ng: ark 
angle required. 662 441 dipy ax een e not bats - 


PROBLEM: XXXIV. 


7 0 uk a triangle equal 60 oy right ined 4 
A ö 


1. produce the ſide a n both ways at ; lende 5 
2. Draw the diagonals a, DB, and parallel to 


_ the lines E and co 
S 3. Join 


* 


* 


356 PRACTICAL GEOMETRY. 


5. Join the * DF, DG, and Dy G will be the 
| . triangle required. 

And in nearly the ſame manner may any right lined 
=_ whatever be reduged to a W 


PROBLEM XXXV.. 
To make an angle of ary prpeed i of ar. 


1. Take the firſt bo degrees from the ſcale of chords, 
and from the point A, with this radius, deſcribe the 
arc 2M. 

2. Take the chord of the . number of 
degrees from the ſame ſcale, and apply it from » 
to m. 

"1. From the point 4 draw the lines az and Am 
they will form the angle required. 
Nete. Angles greater than 905 are WY taken at 


twice. 
"EX — at 7 — 


* The line of chords made uſe of in the following i 
is commonly put upon the plain ſcale, and is adapted to go 
degrees, or the fourth part of a circle. 

For a deſcription of this, and other inſtruments made uſe 
of in Practical Geometry, ſee Mr, Robertſon' s Treatiſe on ſuch 
mathematical OY as are uſually put into a portable caſe. 


* 


PRACTICAL GROMETRY. 37 
"PROBLEM NXXXVI. © 


| Any angle 240 hang gw, fd he minke 
me 


Re Or — 
F A n B 
1. From the angular point a, with the chord of 


60 degrees, deſcribe the arc 1, cutting the legs in 


the points » and m. 
2. Take the diſtance » m, and apply i it to the ſcale 


of chords, and it will ſhew the degrees required. 
More. When the diftance n is greater x gps” 90.5 it 
muſt be taken at twice, as before. 


PROBLEM. MESS 


In a en circle to inſcribe 0 4 
„ 20 inf a polygon of any at 


* Both this and the laſt probleen may de emen by - 


means of a protractor, which is a * are defigned for 
that purpoſe, 


* 


1. Divide 


3 PRACTICAL GEOMETRY. 
1. Divide 360 by the number of ſides, and make” 
an angle a0, at the centre, whoſe meaſure ſhall be 
equal to the degrees in the m—— | 
2, Join the points a B, and apply the chord a B to 
the circumference the given num te of times, and it 
will form the e ä 


PR 0 BL E M XXXVIIL 


| On pwr" lie 4 2 to form @ regular po of any 
propoſed namber of fides | hon 16 


” - ” >. 
* dy * .. 
* - 9 % 
AT WY 1 


1. Divide 360” by the number of ade, and ſub⸗ 
tract the quotient from 180 degrees. 

2. Make the angles a Bo and Bao each equal to 
half the difference laſt found. 

3. From the point of interſection o, with the diſ- 
tance o A or 08, deſcribe a circle. 

- 4. Apply the chord as to the circumference the 
propoſed numberof times, and it will form the polygon | 
required.“ 


Nn — 1 


- * By this method the circumference of a circle may alſo be 
divided into any number of equal parts; for if 360 be divided 
by the number of parts, and the angle a o be made equal to 
the degrees in the quotient, the arc 4 B will be one of the equal 
parts required, | r 2. 


* 


PROB LE M XXXIX.® 
| 1975 2 hne arikearqul e. 


* £ 4 * 
= 
* . 
A - B * 


'F 
1. Produce a» n towards . 21 at the point a make 
the dicular B m equal to 4 B. 


2. Biſect à in yr, and from r'as a centre, with 
the radius 1 , deſcribe the arc nn, cutting 4 1 
in . | 

3. From the points A ** B, "with the radius 4 2. 
deſcribe arcs cutting each other in v. . 

4. And from the points a, Þ and R, 5, with the 
_— AB, deſcribe arcs — each other in 
and r. 

5. Join 1 S b and an Ce vil 
be he pentagon required. - 

This method differs but little from that of Problem 
XX1X, and is equally eaſy and convenient in practice. 


—— — _— 


=u "2 i 
as. a > ant ah 18 — * e 
1 4 0 


— — 


* This and the following problem were not given in the 
firſt Edition of this work, but are now- added on account of 
their elegance and utility. The ſecond is derived from the 
47th Prop. B. I. Euclid's Elements, and the firſt is propoſed 


for a demonſtration in the Ladies Diary for the year 1786. 
P RO- 


— 
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PROBLEM XL. 
Wang ay vng any point Bina + given 


AB. 


T 


From any ſcale of equal part take a diftance 
425 to 3 diviſions, and ſet it B to . 

2. And from the points » and m, with the diſtances 
4 and 5, taken from the fame ſcale, deſcribe arcs 
cutting each other in 7, 

3. Through the points a, B, draw the line » c, and 
it will be the „ required. 


Exvlanation of the characters made u in the L 
. her of the Wt. Mg 4 


* Is the fign of addition. 
— — of ſubtraction. 

25 - of multi 

— of diviſion. 

8 

257 


of the ſquare root. 
- of the cube root, 


5 — of equality. 
"2 8; 5; w————— Of proportion. 


OF 


7 ' © 4 1 * 7 92 wm” N 
# 4 | £ . 
8 
* 


OF THE 


MENSURATION 


OF * 


8 U P E R „ S. 


HE area of any figure is the meaſure of its ſur- 
face, or the ſpace contained within the bounds 

of that ſurface, without any regard to thickneſs. ' 
A ſquare whole fide is one inch, one foot, or one 
yard, &c. is called the meafuring unit, and the area or 
content of any figure is computed by the number of 


thoſe ſquares contained in that figure. 


by PROBLEM EL 


To o find the area of a parallelogram ; ; 2 it be a 
Square, a N — ar a rhomboides. 


op RULE. 


Multiply the length by the N height, 8 
and the product wi be the area. ae 


Inn * „ Wd a 
A - 


* Take any reQangle anc», [— 
26 divide wk of ſides, re- . ... 
[petively, into as many equal parts 

as is exprefſed by the number ff 
times they contain the linear mea- 
ſuring unit, and let all the oppotite ?. 29 | 
points of diviſion be connected by A © 
right lines, Then, i evident, chat has us ang. che 
. 


"© a 


— 


42 MENSURATION 


EXAMPLES, 
1. es the area of the ſquare ABCD whoſe 
fide is 5 feet 9 inches, 


495 BR; OR” 6”. 


F * 6 - 3 ke 1 
: 7 5 — — 99 3 A. 
1 5 p 1 4 * - 9 "> . 
7 
: 


Here 5 fe. 9 in.=5. 753 ; | and 5. 5 75 Xg5. 75= 
SOS =33/e. o in. 916. = area required. ; 


* — 


* 


8 into a vunber of —ͤ—— each equal to the faperficiat 
meaſuring unit, and that the number of theſe ſquares, or the 
area of the figure, is equal to the number of linear meaſuring 
units in the length, as often repeated as there are linear mea-- 
furing units in the breadth or height, that is equal to the 
length multiplied by the height, <obich 'is che rule. 

And fince a rectangle is equal to an oblique parallelogram 
ſtanding upon the ſame baſe, and between the ſame parallels, 
2 I. 359) the rule is true for any parallelogram in geneaal, 


| RvLx II. If any two fide of a parallelogram be multiplied 
together, and the product again by. the natural ſine of their 
included angle, the laſt product will give the area of the 
triangle. That is 4 n * 1, nat, ſine of the angle = area. 
© Note. Becauſe the angles of a ſquare and rectangle are each 
'90?, whoſe natural ſine is unity, or 2, the; ruls in t 
en eee 135 


S 1 


25 © hh. 


or rr tent 


2. Required the area of the rectangle aven, | 
whoſe length 4 5 is 13: 2 and breadth 1 


9.5 chains. 
D 


A 


Here 14; 75 x 958 18 88 


13 .ob2g are 3 ge. ore. 10 fe. See | 


3. Re equired the area of the rhombus a nc», 
le length AB. is . FM and -its As. 


"I 5% 


% ; . 


— 


- 


* 34 6 in. = 12.5, 4 565 3 PY = dare: 


 Whence: 12.5 * 9.25 2 Weit = 115 f. 
n n. 


4. What is the area of the rhotaboides ” e D 


- As o 


whoſe length AB is 10.52 chains, and R 


7-03. ahne 


% 


N 


esd in 12} foet, and breadth g inches 


- 1 a 
ne 
q 
” i A N 
| ” 
% 
* 


44 MENSURATION. 


. 4 
: * . 
_ 3 L 1 
N ” 
* | 
bd of 


A E 
Here 10. aN e. 26 pere =80 2676 


acres==8 ac. © ro. 4 po.=area required. , 


F. What is the area of a. ſquare whoſe ſide is 


35-25 chains ? ED | 3 


124 1 
6. What is the area of a 's ſquare whoſe i 8 is 8 foot 
4. inches ? . in. af 


7, What is the area of a SINE AE 1s 


P y +" A . % uv 


14 feet 6 inches, and 6 


OY hooks 


. Required who i area of a rhombus, Ye length of 


whoſe fide is "RE feet, and height 9.16 feet. 


\ fe. in. pa, 


ni 1 5 
22 | Required the area of a rhomboides whoſe lengeh 
0.51. EY ; 


8 


ac. ro. p. 


3 13 
10. What is the area of a rhomboides Kat ug 
N e eee 


in. pa. 
7550 r. 1 mw 
ET | To kid abe arca n redangular board; bes 


or SUPERFICIES 1 


PROBLEM U. 
To find the area e . 
R UL E. 


Multiply the baſe by the . height, and 
half the product will be the area. 


| e. 


Required the area of the ABC, whoſe 


baſe AB 18 10 feet 9 inches, and right DCc . 
3 inches. 


Hire 10 fe. gin.=10.75, and fe. 3 in g I 
 Whence 10.75 X 7.25 277-9375» ans 25 = 


38.96875 feet=38/+. 11 im. I ha. . 3 5 
2. What is the area of a triangle whoſe baſe is 
18 feet 4 inches, and height 11 feet 10 inches ? 


fe. in. 


* 
— _— 8 * 


—— . 
— AU... 


* A triangle is half a parallelogram of the ſame baſe and 
_— 3 and therefore the truth of the rule i 


3. What 4 


46 MENSURATLON 
3. What is the area of a NN whoſe baſe is 


16; 75 feet, and height 6.24 feet? fe. in. pa. 


Anſ. 52 3 1 
4. Required the area of a triangle whoſe baſe is 
12.25 chains, and * 8. 5 chains. ac. ro. po. 


Anſ. 5 o 33 


What is the area of a triangle whoſe baſe is 


5. | 
20 feet, and n 9555 d 155 erg nw 1 fs | 


PROBLEM. I1. 


To find the ths. "fs rriengle whoſe thre ful only are 
tiven 938 1 ö 


: 6 RULE, 


11 debe half the fam 0 of the three ſides ſubtract each 


fide ſeverally. _ 
2. Multiply the half ſum and the three n 


continually together, and the ſquare root of the pro- 


duct will be the area required. 


äV;— — — — n * : K X 4 M 
R WP . 


HT. _ OY EF . 2 n — 


/ 


. — — — 


eee 4, AB = 3, nC= Add hs 
| [See preceding fig.) "Thea; Gow = ian an hive 


12 — (6 — K) ert Ses. Sat, | 


from which xis found = — 


But ent = act —abt e 
pit en Xp = a — Po — 2ab +a* + b3— £3 


(a 4 
2b 2 þ 
3 _la+8Þ—ca2 42— (2 — 5) 
| SS; TEAED SSM * 2 5 


. I — - — —— p 
Whence cv 27 (a 4 — c) x (ea — @ — 65) and 
| . ? Gy the . the 


—_ 


) 


or SUPERFICIES. + #7 
EY | 1 * 15 6 1. | : 4.4 IE Is £3 


EXAMPLES, * 


1. Required the area of the Pp 
three ſides 3 c, 4 and a , are 24, 36, and 


48 _ reſpectively. $3 


- © of 
© 7 . 
* a * 
— Y 
. & : »- — : * ” 
« * . 
* l - 


Ba 1 12. — — 4} fa of the fraet ; 


2 


Alſo e diff. 5436218 ſecond diff 


unnd 54-48 6 third 


Whencey/ 54 X 30 * 718 * 1749060 7 843. 
2. Re- ö 


area required. 


th. ————— 


"= 


| IL SI" 


the area Fan X cv = 1 way CEP aa) « (ab) 


219 „ xa+F=cxecÞta—bxe=a+d) : 


b +6b — —3 — 42413 
an * 8 c — TA. — 5 


F 


a | v (iX5—ecX3=F N15 —a) = algebraical expretiion for 
the rule, as was to be demonſtrated. | 
Cor, 1. If « be put equal toa ＋ b and d =b 4 the rele is 
v (5303) -,) 


OE: | K 


| 
| 
| 
| 
| 
| 
{ 
| 
| 
{ 


- 


2 


are 13, 14 and 15 feet. 


baſe is 20, and each of its equal ſides 15. 


are 20, 30 and 40 Chains. 


43 MENSURATION, 
2. Required the area of a triangle whoſe three fides 
Anſ. 84 ſquare feet, 
3. How many acres are there in a triangle whoſe 
three hides are 49-00, 50.25 and 25.69 chains 
TY Anſ. 61.498 ac 1 | 
4. Required the area of a right angled trian — 
whoſe hypothenuſe is 50, and the other two 


30 and 40. Anf. wy 
- 5. Required the area of an equilateral triangle whoſe 
fide is 25 An. 270.625, 


6. Required the area of an Iſoſceles triangle whoſe 


Anſ. 111. 803. 
7. Required the area of a triangle whoſe three ſides 


EF 45. 29 ac. 7 po. 
PROBLEM IV. 
Am puns: Ker Ha ri ght angled re being given ts 
fn the third fide. | 8 


— pO 


th. ht 


WES _ 


2 2. If all the fides be equal; che rule will become 4 0 
3, or q a% X 1.732 for the equilateral triangle whoſe fide is 4. 
Cor. 3. If the triangle be right angled, 4 being the hypothe- 


nuſe, the rule will be "EE „. DD ko x 


I p— ay putting p for the perimeter. 

Rur z II. Any two ſides cf a triangle being multiplied toge= 
ther, and the product again by half the natural ſine of their 
incluced angle, will give the area of the triangle. | 

That i iS, A 0 * CB xinat. fins of the angle c = twice area. | 


ZE 1611 


PS, 


or "$UPBRPICTES. Ky 


» - 


-—__ * 


R UL E⸗ 


bee to fund the he- 


thenuſe. r 
Add the ſquare of one of the logs to the ſquare of 


the other, and the {quare root oF the ſom vil be equal. 
to the Lo bodhenghe. | 
2. When the pothenſe aid one of the ys are given, 4 
to find the other 
From the ſquare of the hypothenuſe take the ſquare 


of the given leg, and the ſquare root of the aaraas] | 
will be _ 1. other 8. 5 


- * 


— 


* 


"EXAMPLES. OF; 


1. In che right angled triangle A BC, the baſe 2 
is 56, and the e, BC 335 * is the . 
n 2 | 345 $6 hi. 


\ 


Hare Win 24225 * 22 
=65 =hypothenuſe Ac. 7 ” er 
2. If the hypothenuſe à c be 53, and the _ an 
45: what 1 is the SOTO! B er. Fey 


— 


„ — 


® By Euc. 47. I. 4 feb =x 66 or act—an=" 
Bc ; and therefore Sani+zc*=acor Vack—an= 
5e of of a&t—3 0A» which is che fame an the re | 

Pt TE 


LE... 


%% + MENSURATION 


Here 53*—45* Some ate a= ba ; and 984 = 
28=perpendicular a. 

3. The baſe of a 4 ed triangle is 27, and 
_ the perpendicular 36 : e ee, 
j 4. The bypothenaſe of a rig angled gs 
109, CEN the N bor pf, 1 bs wing 


445 91 
5. It is required to find the leng ch of a ſhoar, which 
ſtrutting 12 feet from the uprigh 5 ht of a 3 will . 


ſupport 2 jaumb 20 feet from t 1 7 5 „ 
: 23.32380 . 


6. The height of a precipice, ſtandir g cloſe by the 
ſide of a river, is 103 feet, and a line of 320 feet will 
reach from the top of it to the oppoſite bank; required 
e pe breadth of the river. Anſ. 302.9703 feet. 
7. A ladder 50 feet long, being placed in a ftreet, 
fey a window 28 fect fromthe ground, on onefide; 
and by turning it over, without removing the foot, it 
reached another window, 36 feet high on the other. 
be: required the breadth of the ſtreet. | 
rf. 761233335 feet. | 


PROBLEM V. | 
: To find the area of a trapezium. 
| R U L E.* 


Multiply the diagonal by the ſum of the two 


pendiculars falling upon it from the oppoſite an les, 
F | 


E X A M 


- ' » 


Demon. The atea ot be wege » x is = = — 7 — 


BE X AC 


and the arca of the angle; BAE iS 2— z and 
2 


- 


** 
; 


or's UPBRFIOTBS. nt 


» 4 of 
i - 64 SS * & 


2 * AMPLES» | 


77 parton the area of the traperium ne 
| 212 diagonal BB is 8 the VT Lane AC 21, 
and DF 28, 


4 


Here 75 8 $4=4116; 6 


20 58 the area required. = 
2. Required the area of a MO FIR whoſe Sinks 
is 80. 5, and the two N 24.5 and 30 1. 
Ax. 2197.65, 
3. What is the area of a trapezium whoſe diagonal 
is 108 feet 6 inches, and the perpendiculars 56 feet 
3 inches, and 60 feet 9 inches? A2 105 fe 3 in. 


* 2 4 "ET VG SEU 


— 


« m 1 
* » 


therefore the ſum of theſe areas, or the ata of the while trape=" 


1 


—— — > nes. Q. b. 
If the trapezium can be inſcribed in a circle; that is, If. 
the ſum of wo of its oppoſite angles is equal to-zwo She 
angles, or 1800, the area may be found thus: 
Rule. From half the ſum of the four ſides ſubtract each”. 
fide ſeverally; then multiply the four remainders gontinuö,⁰ 
1 and the ſquare root ol the product will be the area. 


Da FE o "PROG: 


zium, is = 


"I 


„% MEN SURAT TON 

15 - PROBLEM VI. 

ee, xen N 
RV E. 


' Multiply the ſum of the parallel fides by the per- 
pendicular diſtance between them, and half the pro- 


dat will be the area. 5 | 


\ 


22a . Required the area of the trapezoid A Bob, whole 
fides an and Dc are 321:51 and 214-24. and per- 
pendicular DE 171.16, 


* 


Here 321 51 #214-24S535: 75=/um of th para 
. v . | 


. 
- 
' , 
— — — 
* 


| - F 8 
e 


— 


81 WE, or or (bei b 0 . 1 ** 


A anp+SArCD, 6 e = 
ABXDE. DCXDE EE xox, Gk. p. 


1 —— 


2 S 
; . 5 — 


» 


— 


| | 03 -SUPERFICIES. 1171 53 


Whenct $35, 75 X 171. 16 (the perp. 1) 291696. 9700 
22 9700 "I 
And —— =45 849. 485 the area required.” 


2. The wall! de of a ti id are 12.41 and 
8.22 8 the ee diſtance 5. 15 
chains; mY the area. XY ro. fo. 
1 
3. Required the area of a trapezoid whoſe ale 
ſides are 25 feet 6 inches and 18 feet g inches, and the - 
. perpenlileumin e 10 feet 5 inches? fe. in. pa. 
A1. 230 5 7 
4. Required the area of a trapezoid whoſe parallel- 
gde. are 20. 5 and 12-25, * n diſtance 1 
1005. ; node | 


9 


PROBLEM VI ; 
95 fd the ara FO TR 


a, + | RU L K. 


Multiply half the perimeter of the figure by the 
.m — falling from its centre upon one of the = 
des, and the product will be the area. 


Nele. The 1 88985 of oy wo is Gs ſam of 1 
its fides, | 


* — = 
5 


=. 


„ 
a 


— 4 rm —Y 2 * * * 
|. i. * _ 


—ê — 2 — —— 


| | | ' £7 1 ; 
Demon. Every regular polygon is compoſed of as matiy* _ 
equal triangles as it has ſides, conſequently the area of one of 
thoſe triangles being multjplied by the number of- ſides muſt - 
give the area of the whole figure; but the area of either of 


the triangles is equal to the rectangle of the perpendicular and 


half the baſe, and therefore the rectangle of ante 8 
D 3 2 an 


— 


* Wirres TION. 
EXAMPLES, 


a 1. Rodale 1 area of the regular ef 
ee AD 
rau o 17.2 ket? R 


1 
i 


| X Here eee eee 


= 1075 ſquare feet = area required. * 
2. Regie dhe 2 area of a hexagon whoſe fide is 


46 feet, and perpendicular 12.64 feet © 
As 553.6 
I „ Required the area of a heptagon 
19. .38, and perpendicylar from the cen 


3 Required the area of an oBtagbn whoſe fide is - 
SOLON PENS > 2? 4% 477-168. 


* * — 
—_— > A — ”— ES 2 —— 
** — N 5 => * 
2 7 * „„ 


Ans len of th — are of te whole 
polygon : thus, or x —=is= = ares bf the A os, and 


5 * E ele rohen sers. QE, D. 4 
en | PRO. 


+ 


of SUPBRPFOIRS, „ 
PROBLEM VII. 
Fo find the area of a regular folyger, ne 


15 given. R U L E. ; 
Multiply the ſquare of the fide of the polygon, by the 


number ſtanding oppoſite to 1ts-name in the following 
table, and the product will be the area. 


FA 


bee) Names. fg Maltipliers. 
ef Irigon or equil. A 0.433013— 
4 8 2.000000 + | 
5 | Pentagon 1.720477 
6 Hexagon 2.598076 Eb 
7 | Heptagon | 3:633912 + 
'8 Octagon 4.928427 
| 9y Nonagon | ey drone 2 
10 Decagoen 209 | - 
| 11 Undecagen | ge ++ 5 46 — 
12 | Duodecagon FI. 190252+ FRY 


N 4 2 14. 

* Demon. The e in the table 5 aręas of the: 
polygons to which they belong when the fide is. unity ar 1. 

Whence as all regular polygqns, of the ſame number of 
fides, are ſimilar to each other, and as ſimilar figures are 

as the ſquares of their like fides, (Euc. VI. 20.) 2: multi- 
plier in the table :: : ſquare of the fide of any polygon : area of 
that polygon z or, which is the fame thing, the ſquare of the 
fide of any polygon x by its tabular number is = area of ad 
polygon. & E. D. 

The table Is formed by trigonometry thus: As radius — 1 :; 


| — 2.9 X tang: £08” 
tang. + 

8 2 or: »» (1): yo ne "+, 

tang. . 03»; whence o = { tang. £4 0By = area 


8 8 1 = — 


— 


8 7 | MENSURATION 
£0 . FXAMPLES. g 


1. aid th apes . Pe m Ge is 
15. 4 | 
„ „ 


e 225 Seesen fl. | 
e . 1. 
1 A 


. 38602385 8 | | | 
„ ISSN 504558 [EP BA 
7 107325 — reid. 1 


of the A A0; and | tang. — * number of tides = 2 
tabular number, or the area of the polygon, 

The angle on», together with its tangent, ſor any polygon 
of not more than 12 ſides, is ſhewn in the following table. 


| 8 - - |} Angle | * * VI 
N ol mes. ng! 1 — | Tangents. £3." 


Pee | 85 x ds oh * 
rigen 30 © | .5773 2 : 
Tetragon 45 . ooοοο + f E 
Pentagon 64s 1.37638 f 2 f 
n %% [1.73205+=v/3 oþ 2; 
Je . %%% 1 oo 
169% 241421 +21+ 2. N 
Nonagon 170? [2.74747 + __— $7. 
. | xo ;Decagon tze z. e N = 5F2v 5| 
In funden 1749 77. 13-40563+ T 
| 12 Duodecagon 5 2 2 . | 
"$4 | B * | | Ee 2. The 


% 


- 


ob SUPERFICIES. e 
2. 2. The fide of a hexagon. 5 feet 4 inches; what is 


the area ? Af. 73.9. 
3. Required the area of ae, whoſe fide is 
16? n . 
4. Required the ares of „ 
* CL bal 8, * 3233-4913. 


pROBLEM IX. | 5 . 


The diameter of a circle being given to find the circum- 
ference ; or, the e being given to find the dia- 


meter. 


EU - 


As 7 18 to 22, foi is the diameter to the circumfe- 
rence, Or, as 22 is to 7, ſo 1s the GY to 12 


the diameter. 8 | 
. ̃ , ere es E N A M= 


. 
a i. = 1111 5 * Fw 07 \ ba 4 
LA — 


has F * 


4 FT 
1 - 
- Pos” 


— — — 


* The proportion ot the dlameter'of x circle to its { circum- 
ference has never yet been exactly attained, Nor can a fquare, 
or any other right lined figure, be found, that ſhall be equal 
to a given circle, This is the celebrated problem called the 1/4 
/quaring of the circle, which has exerciſed the abilities of the * 
greateſt mathematicians for ages, and been the occaſion of ſo * 
many endleſs diſputes. Several perſons of confiderable emi- 
ninence have, at different times, pretended that they had diſ- 
covered the exact quadrature ;* but their errors have ſoon been 
detected, and it is now generally looked upon AS a thing im- 
poſſible to be done. = 
But though the relation between the diameter and circum- - 
ference cannot be accurately expreſfed in known numbers, it 
may yet be approximated to any affigned degree of exaQneſs, , 
And in tltis manner was the problem ſolved by, the great 4. 
chimedes, about two thouſand year ago, who diſcovered the pro- 
portion to be nearly as 7 is to 22, which is the ſame as our firft rule. 
This he effected by ſhewing that the perimeter of a circum- 
Ra regular polygon of * ſides nun 
Ds 2 * ratio | 


. 4 * 


. % 


I - _ MENSURATION_ 
e 306 Þ - EXAMPLES. rant 


1 If the diameter as of a circle be 9 what i is = 
circumference ? 


Here 7 22 29 > 28 = Or + 


circumference required. OY 
f : 2. 11 


1 e ** — — ** _—_ _— „ 


— 


rials e e 3175 to 1, and ie Ms ee 


ſcribed polygon of 96 ſides is to the diameter in a greater ratio 
_than that of 7372 to 1, and from thence inferred the ratio above · 


mentioned ; as may be ſeen in his book de dimenfone circuli. 
The ſame proportion was alſo diſcovered by Philo Gedarenfis, 
and Apollonins Pergæus, at a ſtill earlier period, as we are in- 
formed by Eutocius, in his obſervations on a work not come to 
our hands, called Ocyteboos. 

The proportion of Vieta and Metius is that of 114 to 3563 
which is ſomething more 8 than the omar, ard is, the 
| fame as the ſecond rule. 

This is a very commodious proportion; for * reduced 
into decimals, it agrees with the truth as-far as the fixth figure 
inclufively, It was derived from the pretended quadrature of 
a M. Van-eick, which firſt gave riſe to the diſcovery. 

But the firſt who; aſcertained this ratio to any great degree 
of exactneſs was Van Ceulen, a Dutchman, in bis book de Cir- 
culo & Adſcriptis. He found that if the diameter of a circle 
was 1, the circumference would be 35141 592663 589793238 
462643383279502884 * which is Nn true a 36 

| places 


o '$UPERPICTES. 1 


2. If the circumference of a circle AD BC be 36 feet, 
What bs the diameter? 1 88 


* 


22) 252 (1142 feet, the diameter. 


32 , | : 


10 


0. 2 ==2 = 326 uu ar bet: 75 


5 85 4 „ pf 96 iy Rc ROLE. | 


4 7 
i —— i. 4 133 


. ol 
, - 
- 
4 * - 
- 


places of 3 and was effected by means of the contiowal 
biſection of an arc of a circle, a method ſo ex 3 
troubleſome and laborious; that it muſt have coſt him incredible 
Pains. It is ſaid to haveſbeen thought fo curiovs' a perform- 
ance, that the numbers were cut on his tomb. tone, in St, Peter's rt: 
Church+yard, at Leyden. This laſt number has fince been con- * 
firmed, extended. to double the number of places, by te 
late ingenious Mr. Abrabam 2 of Ta . Brad- 
ford; in Yortfhire. 8 
But fince the invention of Fluxions, and the — of i 
Efain Series, there kave been ſeveral methods found out for 
doing the fame thing with much more eaſe and expedition. | 
The late Mr. Fohn Machin, Profe or of Aftronomy in Greſham 
College, has, by theſe means, giyen a quadrature of the circle 
which is true to 200 places of decimals ; and M. De Lagny, M. 
Euler; 8&6. have carried it ftill farther. All of which propor- 
tions ars ſo extremely near the truth, that except the ratiocould' . _ 
be completely obtained, we need not wah for ne degree 
of accuracy. 
The method of obtaining this cg ban frm the devine 4 


of fluxions may be ſhewn as follows ; 
5öÜ x 57 IG 


— 
„ 
1 


— 1 * 
= 


4 2 2.4. 6.775 2468.98 | 
5 which, when y e ; 


— 


"6 _ MENSURATION; © 


RULE, Il... 


As 113 is to; 355 ſo is che diameter to 3 


+ ference. Or, as 355 is to 113 ſo is the circumference 
to the diameter. a | 


EXAMPLES. » 
1: The diameter of a cirele is. 9 feet ; what is the 


_ circumference ?- PLE EEE 
Here, as 499 : 0 : 9: 22 773 
o ms $722 =crrcumference. 


2. If 


— 


Let radius, x =abciſſa, or verſed fine, y ordinate, or 


fins, and z=length of the arc. 

Then Kai- by the y the property of the cir- 
cle; from which x is => =P, , & 
l 

But S = Fx5* as is ſhewn by the writers on fuxions ;' 
whence by 1 ſubſtitution & , x = which thrown - 


into an infnit fries gives a X on +E + 5% 


* nt 
22 — 2 
* = == be.); the fluent which i is #=7 X (x 52 * 
. . Ke. length of the arc in 


(14 * 4 3-5 3+ $+7 


2-3 2:4, 5 * 2. 4-6. 8.9 — 
ference. 


And if jnftead of y in bl 23 its value 
rt a * 


Fr ===, we f ſhall have a=i==+= 
length of the arc in terms of the tangent 


. 75 = 


i " 


Were, by taking a 
the arc ſo that the tangent can be found in terms of the radius, 


- the ſeries will . . W n to any - 


* of exactneis. 


4 * — 


— ; Thus, 


— | 6 
2. If me diameter of a citele be 10 feet, whats 


the cireumference? 1 
20 „l 4 +> . 1 
4. = 3555 1 | FJ 
# F - , 
113) 5 sts: fe the POR. 3 
N 5 e n 
* 1 | 2 . 
| '/ 3 47 WV + 
| * 10 : | „ 
o. SR 3 
X 113 * N. 0 pak 0 * 
WE g N 4 21 * e 


- 


Thus, if the radius be 1, and the arc be port of the circum- 
ference, or 45, its tangent will be equal to the radius, and the 
ſeries will become 1 — JT -F e. eie 4 
45%, and 8 x (1 iir ee eee 8 
circumferene. TH 
This ſeries is the fimpleſt form chat. can poſſibly be ob-. 
tained, but in order to get another that will converge _ 
we muſt abs a fmaller arc; .as for inftance, ſuppoſe that of "IT | 
30, or r part of the circumferencey | od ASS: 
Then fince the tangent of 30?, to radius. 1, is vþ the 1 


B 
general ſeries will become. Ix (2 — | 


2 1. . 
— c. —arc of; 60; ONES. oh X 1 = = þ —_ 
9.3*. J= 27 Gra 


ee = whole eden nd fo for e eu. 


arc Pars tn | 1 er , 


» _ * * 
a . T . 
y : K * % . . 


62 MEN SURATION 
3. What is the diameter of a circle whoſe circum- _ 


ference is 50? . in 


Me : 113 1 0 
7 "A 


355)5650{15 the diameter. 
355 


| | ' 2100 
* R 


325 


RULE m. 


Multiply the diameter by 3. 1416, and the produ@ 
will be the circumference ; or 

Divide-the circumference 25 3. 2 55 and the = 
nent wilt be * diameter. 


* 


* 


i. 


"EXAMPLES. 


1. If the diameter of a cirele be 17, what ee cir- 
cumference? 5 | 


5 ; 2 
54 0 0 2 226 
419912 871 
| $0436 boon #3: 
e e 


88 
. * * 


— % 
_— "> 


Thoſe . dioull with to 1 * the ods of Machin, 
Euler, &c. may conſult Dr, Hutton's Menſuration, and a 
Paper of his in the Philoſophical T ranſaQions open tis 
. IP 5 2 1 


or SUPERFICIES. | 63. 


2. If the circumference of a cirgly be 354, what is 
the diameter ? 


ww Rule I. 

4. 2 1 7:5 264": 5545 LO OA 
ference." n n rs VF 
% / . 2 Role l. Aren 5457 
A. 355. 113 3: 354 my 112, 681 = = 

circumference. 
25 Rule III. 


As z. 1416 : 1 | 2354 . 354 112. 681= cir- 


35-1416 
cumference, agreeing with the 2 as far as the third 


place of decimal. 
3. hat is the circumference of a circle whoſe . 
ameter is 40 feet ? 4 125.6640. 


4. If the circumference of a circle be 12, what is 


7 


the diameter? Anfe 3.81972. 


5. The earth 1 is a globe, and its circumference is 
known to be 25000 miles, what is its diameter? 


Anf. 7958 — 


—_—— 


* * 


If à be put =dlameter of any circle, and e=circumfereace, 
the three rules above given, may be expreſſed thus: 


224 355d 2 
— 2e 6d = 

7 z 113 — 20 3- RE „ 8 
Mr ABA 1222 F 
55 355 gage 7 


And if r, or the readies, be wii inſtead of the ame, 


theſe rules become 
gs Eq 7 Se dannen i 
8 cy F.; e 4 


nat eh 85 _ $71 
| PRO. 


8 MENSURETION 

LC ee ROBLEM Y -.: 

To fad the nend of fre of « cir. 
"RULE I* 


EE From 8 times the chord of half the arc ſubtract 


the chord of the whole arc, and 1 of the remainder 
vill be th lengeh of th arc weary DE 


EXAMPLES. 


1. The chord of the whole are p 3s 48, and he 
verſed fine Bc of half the arc is 18: what is. the 
ee 2425/6 187 


2 . 2 , . * 


a. 3h. _ 


ki. A — — 


Dees. Let the radius a e e e | Then 
will the chord-ve = Eds nk han . 1 += be 


+ i 


48 "jt ' tt 
LY Whence g times the chord RT += — 
Kc. dne 64 5 2 1755 ele. 
W 5. ae OL EO TED Pen 
rr | 


© But the length of the arc ve, whoſe une is , js Known to 
* 5 
8 J 4 f 0 1 OS Mgn Le 05% 


3298 6865 755 
I * — &. which differs from 28 <= + = oo & 

37 4 | 
by a foall quantity, and ſhews = rule r near the 


truth. Q. E. D. P 
Rule 2. If d be put = to the diameter, and og verſed fine 


| of half th ary then will (54 egg nnn 


f | " x ; 1 . 1 
9 9 ol : - - . 
4 - — N P 
. '% . : — 18 4 . 
E "Of Ni: Wnt Ade gg. 
- - 4 = . 


Here Ye $a en and . õFj! 
30 =- 0.0. re . Fre gn = 


- Y 9 E 


EZ =64 e 3 8 Fe 4 45 


"a The chord of the whole are is $08, and the 
chord of half the arc is 30.6: required the length of 


2 2 


The length of the whole chord it 6, 


2 of the chord of half the are 3 2 what is 
the Rngik pf the are, *. hy. 6.14768. 
RULE _ 5 . 


Fo 
1. Add the Hs of half the chord to > the ſqvars 
of the verſed fine of half the are, and this ſum di- 
vided by the verſed fine will give the diameter. 
2. Take + of the verſed fine from the diameter, 
and divide 4 of the verſed fine by the remainder. .- 

3. To the quotient, laſt 3 add 1; and this 
ſum multiplied by the chord of the whols N will” 
gre the lenge of the en, N * 
« yy eats] n 98 Nat, ; 


p49 4 : a \ wa 3 
— r hs IG, 
6 Fa - 


= — — * 2 — 


* n Let the diameter ar=d, 12 gas engen 
and the chord vc. | 


' 


* | | 
6  MENSURATFION:' 

Note. The length of the are may alſo be found by 
multiplying together the number of degrees it con- 
tains, the radius, and the number.01745329. | 

Or, as 180 is to the number of degrees in the arc, -{ 
is 3.1416 times the-radius, to its length. 


Or, as 3 is to the number of degrees in the arc, ſo is © 
O52 36 times the radius, to its length. | 


© 4 * » , * - ' 
. 4 > L — * N * * 8 * 
6 


2 res EXAMPLES, © 


1. If the chord p E be 48, and the verſed. line 
.CB 18: what i the lenge ofthe 7 | 


— 5 


- na — 


188 ö : 
. Then wilt the. rule be expreſſed by a- ID] 
* c w_—_ * * uh = SI 


— 


22 1X 4103 7 
. | " 7548 75X od | 
2 Gy 7 ＋ 2 74 — — 3 ; W 
| * * 2 K 11 DT. hence 2 
4143 


G u 2 7 F — 


2 & 8 == cc.) . vdv x : ++ 


84> 
53 22 
== e. Nowa Y do x : 1+= = in is known tobe 


the length of an are whoſe diameter f and ih vero ins of, 
| n and this differs from 2 . dv X : += + 


53 2 
in the third term enly by which mow the 


rule to be near an Le Q_E, "UP 


4 


Hlere 


— 


o sUrERTIIEsS. % 


meer CF. 


And 18 * * 68 * 1672 124 zo= 14.79 


12-35. 24 . 340% L 
. 3495) X48=1. 3495 W 


the arc 
Che chord 
14 2: what js the length of the arc ? 5 
5 4527, 8.8439. 


3. The chord of the whole ate 16 40, and the verſed A 
fine 15: what is the length of the arc? 


| 45 53.62. 
PROBLEM XT. | 
| To find the area of a cincle. l 
r 


Multipl 1 half the circumference by half the dia. | 
meter, a oduct will be the area. 
Or take of e produd of the whole circumference 
and diameter. | 
2 2 4 
Demon. A circle may be conſidered as a regular polygon 
ol an infinite number of tides, the circumference being quad 
| oy ta 


8 Ir and the verſed Ig 


a... MENSURATION. 


EXAMPLES. 


. What is de area of a circle whoſe diameter is 42, | 
and circumference 131.946? 


. 2)131.946 _ | 
6g. 973 I circumference. 
FR. | 21 1 diameter, 
65973 ö proto 
„ 40-15 : 3 
» 2 0 5 GN 


; 2385 433 area required. 2 wht 
2. What is the area of 2 circle hol cle | 
2 feet 6 inches, and Thenmicrants 31 Foot 6 
oo? | 


PRE » *. - 


z 


. 0 'T 


2 * g=1 712 . 1 
POSSE. CERT El N | Be : 


-— : 


4 * ; 

_ "2. 4* 0-4 4 

2 m = + » *o - * 

nes 1580 1 2 Sins. 
” — * 

_ 4 - " * - boy ay ©. W. 

* 5 


30 WY * — — 
4A * "4 4 — 


82.6875 


3 32 fact, 8 8 ide, 


4 
— PAT 1 1 A. 1 ** — 
—— — — — — —_—— — — — — 


to the — and the radius to the perpendicular. But 
the area of a regular polygon is equal to half the perimeter 
multiplied by the perpendicular, and conſequently the area of 
à circle is equal to half the circumference n by the 


radius, or half the diameter. QE. D. = 
— be otherwiſe demonſtrated vn te dofrine of 

fuxions, 8 25 

8 | REN : . 3 What 


* ” - 0 7 
1 - 
= 


» 


„ SUPERFICIES. _ % 
3. What is the area of a circle whoſe diameter is I, 


-4 and circumference 3.141599 An. 7854. 
A 4. What is' the area of a circle whoſe diameter 1 2 
75 and nen 22? 1 80 382 
| R UL E I- | 


\ ˖ 


ultiply the ſquare of the diameter by 7854. and 
te pr n the area. rer . 
„ee E XAM- 12 


—— 


* Demon. All circles are to exch other a the quires of ; 
their diameters. _ (Euc, XII. 2.) | 
- But the area of a cirele whoſe diameter is 1, 17 3 4 
(by Rule 1.) Therefore 14 : 4: : 7854 Kc e 
RT. 
— . 7856xbe. X 4 = area of a circle whoſe diameter is 4. [+ 
QE.D. f. 
The following proportions are thoſe of Works and Archi- * 
dl | 
As 432 2 355 32. ſquare ef tha diameter : Area, 
As 14 : 11 : : ſquare of the diameter: Area. * 
If the circumference be given, inſtead of the diameter, the 
area may be found as follows : 


The ſquare of the circumference x oo 58 = Area. | 
As 88: : ſquare of the circumference ; Area; 3 
As 1420 + 113 23 ſquare of the circumference”: Areas - 


And if d be the diameter,” c 1 a the area, 1 
_ * 12857 &c. en: — '; Ty 2 182 


1. 42 


2 — — 


70 MENSURATION, 


— 
: 
„* 4 


8 8 EXAMPLES, 
21. What 5» the area of a circls whoſe diameter 
v3, 
©7854 
2 e of the As 
$235 [39870 
8 15708 
PEEL TS ny ———— | 
2. What is the area of a circle whoſe diameter 
is 77 Ai. 38.4846. 
3. What is che area of a circle whoſe diameter is 


4-5? Mnf: 15. 90435. 
4. How many ſquare yards are there in a cirele 


whoſe diameter is 34 feet ? Anſ. 1.069016. 


. — 


PROBLEM XII. 


' To find the area of a ſetter, or that part of a circle | 
- which is bounded by any two dal and their included 


* * ** 6 n * 1 + ha + 


The following table will alſo ſhew moſt of the uſeful pro- 
bdlems, relating to the circle and its equal or inſcribed * 


1. diameter Xx . 8862 = fide of an equat ſquare. 

2. circumf. Xx. 2821 = ſide of an equal ſquare. 

3. diameter x .7071 = fide of the inſcribed ſquare. 

4. circumf. X .2251 = ſide of the inſcribed fquare. 

5. area X 46366 = fide of the inſcribed ſquare, 

6. fide of a ſquare 1.4142 = diameterof its circumſ. circle. 
7. fide of a ſquare x 4.443 = circum. of its circum. circles 
8. ſide of a ſquare x 1.128 = diameter of an equal circle. 
* ſide of a OO X 3 545 = eircumf. of an equal circle. 

N 5 RULE, 


ot % 


weten gad is = 


wt 13 £916 + Lotz ineo 


XU. 40 Aru 2 aber 


Multiply the radius, or half the awetere by half. 
the length of the arc of the ſeftor, and the prod Luft | 
will be the are. 

Note, The length of the arc may be found by eicher 5 
of the laſt problems. 6 | 


» N - 
* "ws. G 'L 


: 33 i 
1. The radius a B45 40, the chord Be of the whole 
arc 50, and the chord c b Ws half the arc 273 NE 
the area of the ſector. 4 | 


27208 == Rs 


166 
: 75s. 5 5=lnge 


Here 
of "the ihe CDB. | 
| dF x $027; ze. : 1109.6 = area of the © 
gur vgn . 


* 
— — 


— — — — —— 4 


v The rule for finding. the area of the ſector, is, evidently, 
aadmncom may tor finding Goren of the whole circle. 


- 
b 2 Res 
* oy * : . 9 
Y : * 4 
— 4 \ * . 


N 


72 MENSURATION 
. Req uired the area of a ſector of a circle, whoſe 
Ur ag is 525, and etrcg etre. arc 21.5, 
» 1 Muſe 268.75. 
3. What i is the area "if n  ſeftor whoſe radius is 10, | 
* chord of the whole arc 20, and the chord of half 


the arc 117 . Anſ. 113.3. | 
Find the area of the eder whoſe radius i is 9, 
s chord of whoſe arc is 6. 


Anf. 77. e | 


= 
4 BY 


* 


RULE 1. 


As 4604 is to the degrees i in the are of a ſeQor, ſo 
1s the area of the whole circle, whoſe radius is equal to 
that of the ſector, to the area of the ſector required. 


Note. For a ſemi- circle, a quadrant, &c. take one 
half, one quarter, &c. of the whole area. . 


* 


EXAMPLES. 2 


1. The radius of a ſector of a circle is 20, and 
the _— in its arc 225 what is the area of the 


— Py * 


WV” — 
« 7 — * 


— * 


® Demon. . 33 of degrees i in the are 
| or the ſector, and a =its area. 

Then will 4-* x .7854 = 7* x 3.416 g area of the whole 
circle, and 2r x 3.1416 = its circumference. £80 


_ Alſo 360: 21 Xx 3.1416 t: 4: EL length of the 


—.— 3.1416 


arc of the ſedtor, Bu t 
1 1 — 360 * . 


2dr X 3.1416 
bo X 


3 
by the lan rule And conſequently . 1416: y 
i : : QE.D. 
9 | 7 54 


N vUPBRPICTES 25 


e e 0 5 ei din „» 


11 


ie eee a” 
7854 ä . 


360: 2 ' Tt 1556 6400 Sorts Yi 0s e 105 

Ee 2x 8 a bad! . 42 | 
= th 0 123 e a 
251328 


. 


I Y 


-36; 0)2764.608 (7 REPEL of 175 Jun; 5 
a 252 | 
gens 5 
216 
286 
& c. 


2. Required the area of a ſector whoſe radius is 2 55 
and the _— of its arc 147 degrees 29 minutes. 


* 


3. Required the area of a ſemicircle: whoſe radias 
is 13. Anſe 265.4652: 
4. Required the area of a" quadrant whoſe radius 
is 21, A. 346. 3014 
IM ROBLE M XII + wt mY 
«ih find the area of "a ſagment of a circles” * 
a N n e Ne Br 


1. Find vo area of the ſector, having the ſame are 
with the 9 by one - the laſt problems: + .. Fi 5 
in 


* 


5 MEN SURAT TON 


mme 
| chant afohe ſegment, and the radii of the ſector. 


3. Then the ſum, or difference, of theſe areas, 


according as the ſegment is _—_——— 
circle, w be the area required, 


RAMA. 


the chord ac 10; what i the” area of the ſegment 
- apc? 


— _ 80 | 
N * 10 S 10. 3 * 10 ich. 3 = area "of the 


— 


o AW. 
| 46 Dee 10 


5 2 EI 1984 fon u- 
AO, 0B, BA. | 
3 de 24 diff and 19—18= 

<=3d &f: 


\ 


1. The radius o n is 10, the N AB is v8, and 


Und ee n de- paso of th 


A B04. 
And 103. 339. 24=64.10=area of the Ago We” 


Tee ht thts fin. oe": 


* * — N — 
* 


* 


64 SUPERFICIES. 
>. Required the area of a ſegment whoſe 


3 
2, and chord 20. Af. * 
3. Required the ares of a ſegment vf a eirele whoſe 
radius is 24, the chord of the whole arc 20, and the 
chord of half the are 10.2. As 28.07. 
JI. Required the area ofa ſegment of a circle whoſe 
chord is 12, and the radius of the circle 19... ” 
tie 16,3274- 
5. Required the area of a ſegment of a circle whoſe 
chord is 16, and the diameter of the circle 20. 
A4. 44.7292. 
6. What is the area of a ſegment, whoſe arc is a 
quadrant, the diameter being 18 feet? 463.1174. 
7. What is the area of a ſegment of a circle whoſe 
arc contains 280 degrees, the diameter being 50? 
| An. 1834-9191. 


"RULE n. S 
wy Add the ſquare of half the chord. of dakar eg». 
ment to the ſquare of its height, and 3 the 
ſquare root of the ſum N 1 | ug 
| 2. To 


_—_ .: - 4 
- 


„ Let c = ef and 4= diameter i 
then will the rule be expreſſed by (2c ＋ e+44/& $98) X F'v. 
Bat TA REEL * . 4zv= . Sdv) x40 

2 
tx Ng du x (1=>==- * *. a 
| 2 / dy zo) v/ du Ry 
V do = — 
2 3 


ee And fince 5 whos; | 
_ 2 


2 
ee "ind in gert, v4 
: cx 


= &C. = AIST 


— 0 
= 


| MENSURATION: 


2. To 4 of the number laſt found, add the whole 
chord of the ſegment, and this ſum res bs x of 
* r wil give the area required. * | 


EXAMPLES, 7 8 


1 The 0 dz of che ſegment DE c is 40, and 
its height, or verſed fine, » c Is 10: what is the area 
of the >: rink | 


26 


& 


* 
„„ _ 
TY $4 xxeurennc% 


- 
SE ö 33 Ws. : 
* 6 , Oy 
LY > „ 
; 4 - * J 5 te 


| Os 105 4 400+ 100=4 v | 
4X 3 9 


And (—— 2 + 40 40) * 2 ee 20:01, 3 * 4 | 
69.81 X 4279. 24 area a repre: . 


2 * 


N . es et nenn 


ment. eee ee, 772 > 


= — — &c.) will be the value of the whole aka which 


differs from the expreſſion for the rule only in the third term, 
and therefore ſhews the approximation required. Q. E. D. 

This rule was firſt. given by Sir Jjaac * and publiſhed 
by Jones, Wallis, and Colſon. | 


If. c = chord of the ſegment, and v = its height; then 


6 / $ef+ Aud +4 $ v $7+07) x op = area very nearly, 
which is met approximating * 3 in its 


18 The 


application. 


or SUPERPICTES. 77 
2. The chord is 20, and the height, or verſed fine - _ 


2; requifed the area of the ſegment. E 
An/. 26.85908. + 
3. The length of the chord is 48, = the height 
of the legume 18; what is the area? | ere 633˙5. 


RULE 111.” 


1. Divide the height, or verſed fine, by the dla. 
meter, and fiad the quotient in the table of verſed 


fines. 
| 2. Mul- 


43. —_— 


G—_—- 


= 


® The table to which this „ 
of the ſegments of a circle whoſe diameter is 1; and which is ; 
ſuppoſed to be divided by r chords into 0c 
equal parts. f 

The reaſon of the rule itſelf depends upon this properiy— 
That the verſed fines of ſimilar ſegments are as the diameters 
of the-circles to which they belong, and the areas of thoſe ſeg- 
ments as the ſquares of the diameters 3 which may be thus 
demonſtrated. - 

Let ADz A and adba be any two fimilar ſegments, cut off 
from the ſimilar ſectors aA and adbcea, by the chords | 
Aa and 45; r 

Then, by ſimilar triangles, | 
DE d:: be, and py: 
db:; dm: dn; whence, by 
equality, Be:bc;: Dm: da, 
or 230 : 23e: Dmitdin, NY 

Again, fince fimilar, ſeg- & 
ments are as the ſquares of * 
their ca it will be 422 

1b :: ſeg, AA ; ſeg. 
a dba; but AS: n ĩð e, 
e cb*, whence, by equality, ſeg. avBA : ſeg. adbe 

A dc, og or ſeg. avsa ti he. „ | 


UE. D 


E 3 | Now, 


- 


 MENSURATION 


2. Multiply the number on the right hand of the 
verſed fine, by the ſquare of the diameter, and the 
re will be the area. 


— — p 


28 


EXAMPLES. 


1. If the chord of a circular ſegment | be 40, its 
verſed fine 10, and the diameter of the circle 50: _ 
what is the area? a | 

: . > 
5-0) 1:0 75 5 ee 
.2= tabular ver ſed fine. 
111823 = tabular ſegment. 
Re et A eb | 
| 55911500 | 
223646 


228 Die eee 4 
22. The chord of the ſegment is 20, the verſed fine 
| N 25 : what is the are: 

+ 69.889375. 


15 PROBLEM. xv. 


Z To find the area of a circular gone, or Or ce in- 
cluded between any two pore ens. and apes inter- 
en, 5 ; \- 

—— een FEET — 
Now, if 4 be ee any diameter, and v the verſed 

fine, it will be d + b ; : 1 (diameter in the table) - = verſed 


ne of» eng ren in the table, whole ae Lt be called 4. 
Then 12: 4: A 


* 


= is, and Gametr 4 as in the ruſe, 


(1913166) = 199-2311 


=. — 3 ; 
4 p - 


0» SUPERFICIES,, © 79 


RULE. e 
1. Find the area of that part of the zone which 
forms a pb: wt by problem 6, oe the area of the 

ſegment B#C by problem 13, rule 3. 

. Add the area of the tra ar twice the area 

of th ſegment, and it will give the area of the zone 

required. n 8 
EXAMPLES. x 


I, n chord à b is 20, the lefs'» © 16 
and their diſtance pr 750 . 
20ne 483 0b. . 


a % 3 : | ; 7 1 
L464 or 7 * 
+ a Wb _—_— +; r 

e reaſoq of this rule is too obvious ts tequire a de- 
monſtration, * 

Note. Whin eden pee Shin eg übe e 0 the _ 
chord of the ſmall ſegment will be equal to the breadth of the 
zone, and its height will be equal to 8 

And when one of the ſides is the diameter of the eircle, 
the chord pf the ſame ſegment will be /2:3 + v3, and 
its height = jas— 7 AB ard — * where . 7 
AB = DC, © 

Another. abet ie by Ane the Uh ui e a6" 
ſegments AA, ber, the difference of which is the area of 
the zone required; but this rule, when the fegments are large, 


and any of the approximating theorems are uſed, is got fs, 
«courate 3x the former, 


E 4 5 . 


— 


* 


* 
- 


& + MENSURATION | 
Herb /. 55 ＋2.5 30s. 25+6. 25 
=+4/312.55=17.6776=AaDorcB. 

And pr (173): ra (23):: wr (178): Aer or 
| 23+ I77=20=DF. 

4p v pripp&f= 4/20 2 * 00 + 2 
=4/625=25=0 73 Sr tive 


Adr (174): av (17,6776) ::rB (171): 17, 6776 
* s 8388= 0m; and 12.5—8, 8389 
=>. .6612=mn=beight of the ſegment. © A 

Therefore 2: — =.146445= tab. verſed fn and 


071033 = tab. Kemer. 
Whence .071033 X 255 =.071033X625=44-395625 
| 3 AOR. 


„ * - 
And 306.25 + 44. 395625 X2= $06.25 +88,79025 
2394-04025= area of the zone required.” - 
2. The greater fide is 96, the leſſer 60, and the 
breadth 173: what is the area of the zone? 
%, 136.7712. 
3. One end of a circular zone is 48, the other end 
1s 30, and the breadth is 133 what is the area of the 
zone?“ W 534.4249. 


ae 


—— 


877 


PROBLEM. 3 


To find the area of a circular ring, er 2 ſpace included 
 betaveen the eee re two concentric circles. 1 


* 


' uln any of theſe queſtions, when the radius or diameter of 
the circle is given, the operation is much more eaſily performed, 


_ RULE. 


— 


or SUPERPICTES. 81 


| rr SLES: A © 22 
The difference between the areas of the two circles 
will be the area of the ring. 


Or, Multiply the ſum of the e by weirdif. 
ference, and this produt᷑t again by 8 and i it will 
give the area required.” E 20 ade 


te examples, 1 
1. The diameters 4 B and cb are 20 Und 1 
quired the area of the circular ring, or the ſpace 1 in- 
dune between the Fubuſotences of thoſe circles. 


a 7 1 R : 2. * 
N 4 a x 
ot t Ji 
"4 
= 
2 Nel TN 
4 C: T9 


Here ap + o cb 9H 
175 K N ee eee Ws 


— 1 —— ” I" "EY 4 
„ r K ** : ” — — 


* Danes The area of the circle az nA = an* x x 7864, 
and the area of the ſmall circle cy is = c vp? x X 78543 there- 
fore the area of the ring = a n* x 7854 — e bl x 7⁵³ = = 


TDK Ten Xx 7884. Q. E. D. 
Corell. I c » be a perpendicular at the point c, the area of 
the ring will be equal to that of a circle whoſe radius is c x. 
Rule 2. Multiply half the ſum of the circumferences by half 
the difference of the diameters, and the product will be the area. 
This rule will alſo ſerve for any part of the ring, uſing half 
the ſum of the — for half the * the cir- 
cumferences. | | 


= 4 


n | MENSURATION 


COT The diameters of two concentric circles are 16 
y "6 10: what is the areaof the ring formed by thoſe 
. circles? 2.5224. 

3. The two een 21.75.nd 5 9.6: required 

de ance of the cirular iu „A., 300.6009. 

[[:v: h& the area the. ring, the 
© whoſe bounding circles are 6 and 4. Nil 


Nei. 
De find the areas of lunes, or the ſpaces s..1 
8 * interſecting arcs of two eccentric cir 
eee, 


Find the areas of the two ſegments from which the 
lune is formed, k n rer e be the area 


| required. 


28 


EXAMPLES. 


Th hag ce a wk ba 10, 
and DE 4: ann pat oo tori nan 


_—_— 


— — — 


2 Whoeyer wiſhes G le Seppel ig Wi e 
lunes, and the various theorems ariſing from them, may con- 
2 Mr. Whifton's Commentary on Tacguet's Euclid, where they 
will find this ſubje& very ingeniouſly managed.” 3 
- - The following property is one of the moſt curious. 
It Ade be a right angled triangle, and ſemicircles be de-. 
ſeribed on the three ſides as diameters, then will the ſaid tri- 
he apes erate tb vc phe ona — 


or SUPERFICIES. 


_ SN FFP ere JF x4 
And (2H + 40 jo) x LEGIT = 


294 e the Ago ABCA. © 7 
„ 2 ELSE 15 20 96 x 4 iS 
=81.85 


And e 582 0% x2 . 


o/. 5104 area of the ſegment AB EA. 
Whence 279.24 — 107. 3 7 

the lune required *. | 
2. The chord is 20, and the heights of the ſeg- 


ments 10 and”2; required the area of the lune. 


41. 128.5 
3. The length of the rhonl is 48, and the heights 
of the ſegments. 18 and 74. what is the area of the 
lane? | 5 W. 405. 88985 


PROBLEM XVII. 


To find the area of an ri CG: 
3 22 nt ee I 


” " . 


x 


PE * 1.6 


„ — —— 


* Note, The Ad al ere in this and che following 
examples may be more accurately ſound by Rule 3, page 77. 


8 > SR 


„„ MENSURATION. 


R UL E. 5 


i. Divide the figure into triangles and trapeziuins, 


and find the area of each ſeparately. 
2. Add theſe areas together, and the ſum will be 


equal to the : area of the whole polygon, 


* * 


EXAMPLES, 


« X. Required the area of the irregular Ggure- ABC 
BEFGA, the following lines being given.. 
0 230.5, A = 11.2, Co 26 
88 29  Fg=11- C c's = 6.6 
8. FD = 241 * 45 #\ „ 


x4 
1 


2 


« When any part of the figure 5s bounded by a curve, the 
area may be found as follows : | 
"Rule, 1. Erect any number of perpendiculars upon the 
- baſe, at equal diſtances, an&find their lengths. | 
2. Add the lengths of the perpendicular, thus found, toge- 
ther, and the ſum divided by their number will give the mean 
Seadeb; N | 
Ss Multiply the mean breadth by the length of the baſe, and 
it will Lo the area of that part of the figure required,” 2 « 
n 82 | | ere, 


- 


or SUPERFICIES, 25 


Here 0 GB= IO le dd 


2263.3 3 ABCG.. 2 
aul A x 65 2 eden abr F 


25 3 2 area of the n cpr. 


Jo == e = 96am of 


Ns pil. ED Big 1 va: $! EG. | AT. 
Whence 263.3 T 255. 2+49 6= $67.2: =area af the 
whole: figure reguire dt. * 


2. In a pentanguſar geld beginning with the 
ſouth fide, and 3 round towards the eaſt, the 
firſt, or ſouth fide, is 2735 links, the ſecond 3115, 
the third 2370, the fourth 2925, and the fifth 2220; 
alſo the diagonal from the firſt angle to the third is 
3800 links, and that from the third to the fifth 4010: 
"_ the area of the field. 


5 1 5 ac. 2 ro. 28 po, 


. * N 


To find the area of mixed 8 figures, or  fuch as 
are compoſed of rectilineal and curyilineal, figures, together : 
the rule is to find the area of the ſeveral. figures of which t 
whole figure is compoſed, then add all the areas together, 
and the ſum will be the area of the whole compound figure. 
And in! the ſame manner may any irregular field or piece of 
fand be meaſured, by dividing it into trapeziums and Wan | 
and finding the area of each ſeparately. 


* Note. As this figure confilts- of: three ies A 
whoſe ſides are given, by calculating their areas aceording to 
problem 3, the ſum will be the area of the whole figure age the 
rately, without drawing; dne dena 2 the. res 
diagonals. | + * 

The ſame thing my alto be dene in moſt other eaſes of 
this kind, : 
| ' 0 ＋ 8 


- * by 
"4 % . 
* J "7 4 1 4 r k . 
K 9 * g + ? 1 4 86 : J- 4 "a 
* 8 — 0 2 
9 4 * 
” * 1 ; 
> 
pp, OF T H T : 


: 
5 j _—— 
1 * ** 0 
. 
—_— 


conic SECTIONS- 


— — 


' DEFINITION 8. 


„Tg ſections are ſuch plain Spares as are 
formed by the cutting of a cone, 

A cone is 2 ſolid deſcribed by the revolation of 
a rightangle b e . 1 its 5 505 which 


ä — — —— — — 


7 The axis * a cone 1s Ws ge ne about which 
the kind revolves. en e 


* 


* 
6. 


m Ad E = "I 7 WS. 
— — — 


— — —— — 
* 


. This is Euclid's definition of a cone, and is that which 
is generally beſt underſtood by a learners, but the following 


- Conceive; the right line c 1 to move upon the fixed point c 
26 4 centre, and ſo as continually to touch the circumference _ 

the circle an, placed in any poſition, ' except in that of a 

which paſſes through the ſaid point; and then that part 

of the line which is intercepted between the fixed point and 

the periphery of the circle will generate * 
of & cone. | 
72 | +4 Tho 


CONIC SECTIONS. T 


a — * 


— 8 If a cone be ent into two pr, by a pln pe 
rallel tothe baſs th baden will be . 


7. If a cone be cut bend a plane which paſſes through | 
its two ſlant ſides in an obli que Greion, th th ſeftion : 
will be an ellipfs, 


— 


12 conte SECTIONS. 


both ways by the circumference, they are called the 
| Yranfoerſe and conjugate diameters, Or axes. 

The longeſt line is the bent axis, and * 
| horteſt the conjugate. 


9. An RR” is a right line drawn from any point 
of the curve, perpendicular to "Tana * the diameters. 


10. An abſciſſa is that part of the diameter which 
is contained between the vertex and the ordinate. | 
11. If a cone be cut by a plane, which is parallel 
to either of its ſlant 225 the ſection will be 4 ba- „ 


rabola. 


12. The axis 47 1s a right line dran 
from the vertex, ſo as to divide the figure into two 


* - 
nan. 
- JOINS TSP. 13047 +26. 


£269 | f * — 5 | | 
| | 13. The 


CONIC'SECTIONS,) 39 


13. The ordinate is a right line drawn from any 
point in the curve ndicular to the axis. : 

14. The abſciſſa is that part of the axis which is 
contained between the vettex and the ordinate.” 

15. * If a cone be cut into two parts, by a plane, 
which being continued, would meet the oppoſite cong, 
the ſeQion called an &yperbola, | | 


g 19 9 9 44 7 2 
16. The rayon diameter or axis of an hyberbola' | 
is that part of the axis intercepted between the two + 
oppolite conas. SOTO 
17. The conjugate diameter is @ line drawn through 
the centre perpendicular to the tranſverſſe. 
18, An ordinate is a line drawn from any point in 
the curve perpendicular to the axis; and the ao/eiſe 
1 the diſtance intercepted between that ordinate and 
the vorcet. ; oo endene „ ee ar 4; 


— 
— „ n * "* dn. i << 
» 2 


— — — — 


* The two oppoſite canes, in this definitton,” are ſuppoſed, 
to be generated together; by the revolution bf the fame line. 
All the figures which can poſſibly be formed by the cutting 
of a cone, are mentioned in theſe definitions; and are the five . 
following ones; wiz. a triangle, a circle, an ellipfis, a parabola, 
and an byperbolg ; but the three Hiſt only are uſually called the 
cynic ſeftions, 700 $405 SIT 1-0 Ex \ 2 
| | 'PRO- 


* 


— 


9 en GRO TIONS Th 
251 0008 PROBLEM I 


7 deſeribe an_ellipfis, the traxfor * en, 
diameters * . | 


Con my 4 Des the tnnfrerts and conju- - 
| gate diameters, aB, © Dy biſecting each other per- 
Fan in the centre 5. 
2. With the radius 4% and ctntre e, deſcribe an 
5 cutting as in F 7 and ele two ae wn by 
» E = — ok c. in th 
3. Take any points FRA in the 
tranſverſe ares AB, * ea _- N K 1 , 


. + 8-2. 3 


* * . 
” 5 3 
— * Sas n — nn _ OF F% 9 45 — 8 4 
* * ** ** —_— ——_— * 2 


* w 4 * * 
: 
* = : 
TY 4 # 4 > | . 
ay 


3 eee e feds 
lines drawp from the foci, to meet in any point in the curve, 
3s equal to the tranſverſe diameter, and from this che truth of- 
the conſtruction is evident. 

From the Tame principle is alſo Leiived the following method 
df deſcribing an ellipſe, hy means of à ſtring and two pins. 

. Having found. the foci x, f, as before, take a thread of the 
| length of the tranſverſe diameter, and faſten its ends with two 
pins in the points E, f; then ſtretch. the thread r 5 F to its 
 _ greateſt extent, and it will reach to the point ; in the curve; 

and by moving a pencil round within the thread, keeping it 
8 VZ—J—J—W F6y Gees: FOqEEG | 


, Py 


EB 8424 \ 
r a * 


CONIC SECTIONS. 91 
and centres F © deſcribe arcs n n 


in 5, 5, &C. 
4. Through the points 5, 5, &c. draw the curve 
As+CBD, and it "wi be the circumference of the 


ellipſe required. 


PROBLEM II. 


Ii an elligſi, any three. of the four following terms 


being given, vis. the tranſverſe and conjugate diameters, 


S N 


* P 1 


"CASE * 


— 


nr 


1 
As the tranſverſe diameter i» to the conju te, 


So is the ſquare e eee, Loy 


abſciſlas; 
To the tt which divides them. 

» xaAnvinn, ET 
1, In the ellipſis avs c, the tranſverſe di 

AB Is $ 120, the conjugate diameter c is 40, 


* Os bn — — — dernde 
195 4.63 

Let r= the wares ti, c = eee #22 
any abſciſſa, and y = ordinate, - Then will the general equa» 
tion, expreſſing the property of the ellipſe, be : c: N 


(t—sx) : y*; and from this the four rules nnn 
— 
n #.X t Oo 


es RE 3 


- 
. b 8 
- 
N = . the 
* a 


[of 


% Corte SECTIONS. 
the abſciſſa BF 24: what is the length of the ordl. 
nate ey? | 


b Hire 120 (a 5) :40 (© D) :: Yoo ( x7»): 


= „N= y/ 2304=3 Xx48=16=2y the ordi- 
nate n | 
i 2,” 
25, and the abſciſſa 28: what is the ordinate ? 
„ 2% _ Hnſ. 10. 


noon LOA Hong ors, on 
When the tranfoerſe, conjugate, and ordinate art 
known, is fad tht abi. 0 KEE 
5 5 „„ 
24s the conjugate dia meter is to the tranſverſe, 
= Bo is the ſquare root of the difference of the ſquares 
"MM of the ordinate and ſemi-conjugate, 

To the diſtance between the ordinate and centre. 
_ _ And this diſtance being added to and ſubtracted from 
te ſemi⸗-tranſverſe, will give the twoabſciſſas required. 


* * 1 * — FY = 4 2 £4. — 


_— 
* * n . — _— * — W» IST . Mi. A 


This rule in algebraic terms is as follows : The greater 
* Y * | — — — re — 
abſciſſa æ ＋ ee, the leſs = -e. 


I EXAM» 


the tranſverſe diameter be 35, the conjugate 4 


CONIC SECTIONS: 33 


EXAMPLES. | 


I, The tranſverſe diameter A n is 120, the conju- 
gate diameter cn is 40, and the W is 162 
what is the abſciſſa y? ; wy 

Here WED} l eee 
A e OE n 

Whence 60 (0B) — 36 (or) Ae BF 12 — mon 

And 60 (0a) + 36 (ox) = =q 96 =aF 
abſciſſas required. | 2 

2. What are the two abſciſſas to the ordinate Io, 

the Glance Reg: 3" and 237 . S613 0 
Aus 7 a 28. 


CASE HI. 


When the conjugate; ordinate, and ere are ene 
to find the tranſverſe, 


RULE®* 


1. To, or r from, the ſemi-conjugate, accordin 
the leſs or great abſciſſa is uſed, .add or ſubtract the 
ſquare root of the difference of the ſquares of the ore 
dinate and ſemi-conjugate. . 
2. Then, as the ſquare of the ordinate, is to the 
rectangle of the conjugate and abſciſſa, ſo is the ſum 


or difference above found, to the en n | 
required. Wo | % 


—_ — 


K FT 


0 This rule in algebraic. terms is as 8 = = (+ 
Ja — 5 X = or. 2. (e—2 t- + * AC- 


cording as the greater or leſs abſciſſa is uſed, | 3 "OE 
EPO | E XA M 


4 


"4 


wy CONIC SECTIONS, 


EXAMPLES. 


„ The conjugate diameter e v is 40, the e 
27 is 16, and che abſciſſa v 1 24 nen 


verſe AB. 
Here 20 (o ) 4 28 16 (vor 2 19 2220 
+.4/400256-=20+ y/ 144 20+ SIS. bo 


Ad 16* kur)! 40 X 24 N 32 : 

40X24X952 ! 40X24X2  FX24X2 __ 
3 =5 X24= 

120 the tranſverſe diameter required. 


22. If an ordinate and its leſſer abſciſſa be 10 and 7. 
and the ee 25: what is the tranſverſe? 


Aus. 35. 
Cas 4 IV. 
The tranſverſe, ordinate, and Hella being, given, to 
find the conjugate. Fat 
RI E. 


| As the fquare rost of the product; of the two ab- 


ſeiſſas, is to the ordinate, 
80 f is * een diameter to. the eee. | 


45 K4.1 EXAMPLES, 


1. The tranſverſe a * is 120, the ordinate = * 55. 7 
and the 80 FB 24: i OT the 3 


1— 2 2 — . 1 
# j 4 ' 


» The rule in algebraic terms is 7 * . 
| N * 


conjugate, or ſhorteſt diameter. 


„ Hare N 5 


conic SECTIONS. 53 
Here / #4 Xx 96(/nr Nav):16(pp):: 120 (a B) 


: 16 x 120 ＋ 4 RAE INTO * ee eee 7 


16 * CRIES =—= 


daneter reuired. * 4 S 
| , i Ht 4-4 ara 


2. The ETC roma oh is 38. the dndinate is 
10, 211 its abſciſſa 7: what n- conjugate? ? 


N fem ne een 
1 51 


e 


4 / PROBLEM HL © 


To find the nh of an ellipſe, the wafer 
and conjugate diameters ng: known. . 


MEI ee 12 EO 24990 
Multiply the (quare root of. half the lem oc the 


ſquares of the two diameters by 3.1416, 2P the BIR: | 
duct will be * eee ge nearly. * 


' c "EX au- 


— 


4 « \ 
8 PCS. "a 4 — at. th AM at ern 1 FRI" Ma. _y 2.7 8 


* Demon, Let 1 = canes damenr = conjugat, = 


4 . 
tnf, andd = S1=>. nv pes ge = 8 2 
343-543 


EG) = = circumference of and as is ſhewn 
by the writers on fluxions. | n en + 


Now the rule given above is þ VEE xs (#8) 
391 
S (x — * = (by ſubſtation) g, * 0 _ 


4 hh 341 
* NN 0 


2.2 21.17 24.4.6 


* b he 


conio SECTIONS. 


" 1 _ - 
- * , ky 
* * 0 00 . 1 \ 6 \ by A 
| NIN PX en 


136 4 ” , "7 Fs y . - * N bd , - , 
. li 


8 _ "A 1 E X14-M PLE 8 reer 


1. - The tranſverſe diameter is 24 and the Conjugate - 
20: required the circumference of the ellipſe. is 
2 3 2 e 
Here — — 0 D 2 = 152 +20 _ 2 $76 4400 
4 railing id; 455. 44 1m ib ene 98 12 5 a- 


| wu 


= + 288f:200=488=22.09. tis i ber . 


And 48 65 397944 the — = 


required. $49 
2. The axes” are 24 and 18: what is the circum- 


ference ? 9p th OR Aga 1 cas. 


. P * . 
E . by 5 — 


— CER 0 


terms of this _ differ from the three firſt terms of the ſor- 
mer only by — ; thetefore the eule auto be a 116 0 


Mation. QED. * prog? 54 | 

Rule 2. Multiply 4 the tum th the toro dl Mia by 4 z. $46; 
and the product will give the circumference exact enough to 
, anſwer moſt practical purpoſes. . 

Rule 3. Find the circumference both from the laſt rule and 
that given above, and + the ſum of the reſults wil give the 
circumferenco extremely near. 

"Norte. If 'a = ſemi-tranſverſe ꝝ o, c = fomi-canjugate co, 
and & diſtance © x, of the ordinate * > from the centre, 


4a% 1 44 


then, will the are ex be Xx (ö ＋ r 
— e 4 wie 


1124" | N 
The bellowing may ſerve as a erden rule for finding the 
length of the arc c x. 
Find the length of a circular arc intercepted by o x and o c, 
and whoſe radius is £ he ſy of o. and Les MER pM 


. - 
Is. 15 vn 


+ 


59 


% 


'CONIC SECTIONS, | gþ 
PROBLEM. IV, 8 4 
Ts fad the area of an ollg, i pepe and con 
Jugate diameters Bring given.” | 
RULE* 
Maltiply the tranſverſe diameter by the con pr rt 
and the product ag 7854 1 th 
be the area. 


5 e 735 by one axe, and the product by 


Bn. 


zx Arte. 


6 What is the area of an ellipſe whole tranſve 
diameter is 24, and the conjugate 18? * 


Mere 24 K 18 &. n e Pprte required. 


j 


as ” 


330-8028 =awms before. 
2, 17 the axes of an ellipſe be 35 and 25, whats 
Ae area ? Anf. 687.225, 
3. Required the Nr ellipſis whoſe two axes 
are 70 and 50. * Arte Anſ. 2748.9. 


th. td Mi my yo * 83 » 


| * The demonftaion ofthis rule i contained in that of th 
. 
| . pRO- 


* \ 


95 CONIC SECTIONS. 


PROBLEM 1 v. 


* area F an ellis tec ut, abe ba e is 
L to either of 2 axes Y 22 15 


wei BU bo BR. 


Wo Divide the height of the 5 

the ellipſe of which it is a part, and find, inthe table, 

a-circular ſegment whoſe verſed. fine is equal to the 

quotient. += 

2. Multiply the ſegment thus found, and the two 
axes of the ellipſe continually together, and, the * 

duet will give the area required. 


EXAMPLES. iN 


I. | Roguired th the area of the elliptic ſegment x ar, 
whoſe height a G is 10, and the axes of the ellipſe 
243 and o, 35 and 25 . 


4 „ — 


10.0000 


_— 


o 
s 
3. 
— — a —— the 
0 ' 4 | 4 
% 


* Demon, Let the tranſverſe diarneter 2 a B =t, the con- 
jugate CDZG AGES, and ANSP then by the property 


olf the curve we ſhall have y e, and the fluxion 


eee ee *, N. But x & 


D is known to expreſs he fluxion'of the correſpond- 
ing circular ſegment, whoſe verſed fine is x, and the diameter t. 
Let the fluent of this expreſſion therefore W by 4, 


and then the fluent of x A , in x? will be = — Xu) 


from whence the rule is derived. Q_E.1. : 4-4 

. ..Coroll. The ellipſe C 
| mean proportional þerween the tor axes, and from hence ths 
| „ ekagtaratoe: a Th 


1 
, =y 


CONIC SKCTIONS. 


* 
„„. RL 08 
. f : a 4 1 
| os 
* mn . 


| an 5 _— = 657 lu. vg 
„ enen £76 01 RE 


And the {abular ſegment Belonging to this i 14 1 881 i 83. | 

 Whence .185153X35(24 n) X- 25(cD)) 7 N 
* 25 2162.02 10 area of the ſapment required. -\ 
2. What is the area of an elliptic ſegment ok off 
by a double: ordinate parallel to the comjugate axe, dt 
the diſtance of 36 from the * the axes being 120 
and 40  Haſ. 536.7504, 

3* "Whats the 466 ofa ſe ment, cut off by an ord1- 
nate parallel to the tranſverſe diameter, whoſe height 
is 5.8 the axes being 35 and 257 Anſ. 97.845724 


' fav views FP 
x ag PROBLEM VI. 1 Aa 00.4 
To 4 elle ae, any ordinate to the axt and its | 
. being gms" 2 . 


Ne 4 * — 


—— W 


The area of an n mn; ad found by the 
following rule. | 
Find the correſponding ſegment of the ircle vel rk 
the ſame axe to which the baſe of the ſegment is 
Then as this axe is to the other axe, ſo.is | 
n . 
F 2 „an N ο,ννει 


1 


| © Cofraio.. „ae linac ns in 


_ m3 Join vn, and draw mn r 
the axe in u. 
. 2. Make ve and vr each equal to xn, and y' vil 
be the focus of the curve. | 

3. Take any number of points 7. r. &c. in the axe, 
h winch draw the double ordinates 8 , s., 
& c. an indefinite length. 1 45 
4 With the radii cr, cr, tc. and cemte.y, de- 
ares the correſponding ordinates in the 


Points , 5, &c. W 8Vs pain ne 


* 


— — — 2 


F 
pendicular to vs, vn xXnn= ray ==), 
which is a known property of the |parabola hen y -is the 
focus, And, becauſe « y*=cr*— r xi =Trerrxor—rr 
Ser Tr X cr = 2vr X 2v7 = vr X Ar, there- 
fore : ie a point im; the curve of a parabola, and the ſame may 
be ſhewn of any other point 2. ; 

"Befides the methods above, for finding the focus, it may be 
found arithmetically as follows : 8 

Divide the ſquareof the ordinate by 4 times thi abſcifſa, and” 
The quotient will be the focal diſtance vr. 

Several other methods of doing this, as well as of deſcribing 
the curveitſelf, may alſo be found in Emetfon's Conic Sections, 
dad other performances. | in 


— 


— 


conic SECTIONS, i101 
all the points of interſection will be the parabola re- 


wired. 
T The Bas ens paſſing through the focus 7 is 
aan 72 | ; TH 


"PROBLEM vu. Wi 
I abols, three of the 
n a par 2 of far fling 


ſer ts fnd the fourth, p 2 1 ; BE G box $24 6 - 


- 
L . 


7 96.1 LS N 

1 LIE ohh 4 u. 

As any able js to the ſquare of its ordinate, fo 
is any other abſciſſa to the ſquare of its ordinate. 

Or as the ſquare root of any abſciſſa is to its ordi- 


nate, ſo is the ſquare W 
ordinate. 


- 1 ut 7 
: : 


* EXAMPLES. 1 
. The abſciſa vr ig 9, and its e 3x64 
required the ordinate 6 u, whoſe. abſculs v N 13.36, ,. 


1 x and x be any two abſciſſas, and y and y their cor- _ 
the — 


reſponding ordinates, the equation of curve will-be-x x* 
S . 
| %% ͤ bots 


103 Conc ererrows 
Here FAY 34) 1 6 (Y i (iu): 


Deb e on. 8 
79. 3 N 
Or, Wo 
9 (yr): 36 (xe) : 3/16 (v): 2 age. 


Seer or TEST 1 as before.” 


\ 


2. Th he two abſcifſas are 9 and 16, and their — 
reſponding ordinates 6 and 8; from any three of theſe 


| een 92 
3 
| PROBLEM VIII. 


a double ordinate.” 


R UL E.“ 
To the ſquare of the ordinate add - of the ſquare 


of the abſciſſa, and twice the ſquare root of the om 


will be the lengih of the curve required. 
1 %, EXAM- 


% 


—_— * 


9 hs longeh of my arc 22 . cut 1 


* * X 


Demon. yt = any abi, 5 in ordinate, le. 
parameter of the axe, and g = Then it is ſhewn by the 
writers on fluxions,/ wat of TERS «x log. 'of 


. 3-598 
(9+ 1 +9)= 9x 114+ 2 = tt 7555.85 2 


e eee But r + - 


2.3 
222 L 
# * 
. the former i in the two 
7 We e eren vin 
ſrſt terms. | 


. — * | 9 


— 


CONTC 8ECTTONS) 163 


% 


EXAMPLES. 


1. The abſciſſa v ns 2, and its ordinare en 6: 
whats thn HOMERS '£ 


Here 2* (vp?) * 14 36 (6 n*)=E=> £44 56 
+ 36 = 5.333, Kc. + 36'= 41. 333333 


And 41.3333333(6-459 ve 
3, oP 2 | 
124)53 7 i 12.858 =/ength of tha are. 
496 | 


— — 


ie 
2364 
12849) 716933 
11594¹ 


"NI i292 ; 
18 PROBLEM 3 
75 find the area 27 a parabola, its baſe and e. 


being given, 


'RULE.® f 
Multiply the baſe by the height, and 2 of the pro- 
Gul wikis th required. 5 : ad 
| | EXAM. 
——G@_@ —— | — * 75 


Therefore —= =+#41+ TE WP nearly 5 and S c=2y 


irg N tte ſame ax the rule. Q E. D. 
* Demon. bor ue on y, and the parameter =p. 
Then pz = y* or vpx = y by the nature of the curve. 

F4  Whence 


- 


104 cone SECTIONS. 


FXAMPLES. ITE 
1. What is the area of the mand whoſe 
height vn 1s 12, and the double ordinate 
Gx 16? 4h . 
4 1 
0 Xx 
16 X12 K 


e x 1 fem) x 13 = 


16 4 * 2=128 = area required, | 
2. The abſcifla is 12, and the doable ordinate be 


baſe 38: what is the area ? Anſ. 30 
3. What is th area of « parabola whoſe abſcll 


eas vm N n 1 12 | 


Tr Ot PROBLEM $ 4 
i To fud te ava of te fryjum . 


card's ws. f ne 3 


— 


* 


11 


| Whence the fiuxion'of the a (54 S b and its 


'- fluent = A Xx Vp. 


But becauſe be, therefore Fx Xx /px=}xy = area 
of the 3 vrhich is the ſame as the rule. 
Coroll. Every parabola is = 5 of "ts W pacals 


uin 


; denten TINGS 


94 RU LE“ rr 


Divide the difference of the cubes of 0 two ends 
of the frat the difference of their { 2 915 ic 
this 1 m FRIES by 7 of Ter wil 
the ares r 


'BXAMPLES. | ' 


1. In the e 
ends x1 and & are 6 and S — 
part of the ablcifſa y u, is 3: what is the area? 


Here 10f (6 4—2 15) 2 88 (68 — ** 


103-67 1000—.216. - 98 
=P ne” = = Omg. LA 


Audis. 25 eee eee. 


*- Demon. nar ae = 1, and a 22 n. | 
Then by the nature. of the curve: 8 e 
a D575 * 


| Ee atten a 


iow 
=o 


And therefore } & g- DOE 
DI—d}_ E.D MENTED! 
2 2 e 


CA F 5 2. The 


v conte SECTIONS. 
l 2. The greater end. 6f the Froſtum is 24, the leſſer 
1 end $0, ya thi ace le what is the area? 


An. 121. 
3. Required the area of the lic fruſtum, cb 
e of which is 10, the leſs 6, and the 2 
, A 31. 


PROBLEM XI. 


. Toiconfru? an hyperbiln, the N and cout 
| yg n oh 
if x ; 391% 1 „ * 1 | 


— 


. „ 1. Make AB . tranſverſe dia- | 
meter, and c perpendicular to it, the conugate. © 


Note. Fran parabolic fruſtum, is 5 to a parabola of the 
ſame altitude, whoſe baſe is equal to one end of the fruſtum, 
increaſed by a third proportional to the ſum of the two ends 
and the other end. / 

* The ſum of two lines drawn from the foci of an ellipſe 
any point in the curve, is equal to its tranſverſe diameter. 

In like manner the difference of two lines drawn from the 
foci of any hyperbola to any point in the curve, is equal to its | 
tranſverſe diameter; as is ſneven by the writers on conics. 

But the ares interſeRing each other in 7, s, &. are deſcribed 
from the foci F and r, and with the diſtances an and Bn, 
whoſe difference is a 2, and therefore the points a, 5, &c. are 

RE open, - N ö 
| 2. Biſect 


CONIC)SBCTIONS. 107 


2. * AB in o, and from o with the radius o c, 
or o Þ, deſcribe the circle 9, ef, cutting AB 1 | 
duced in r and /, which points will be the two 

3. In An produced take any number o $a 
n,n, c. an | 
tances'B#, An, as radu, deſcribe ares cutting each 
other in 5s, 4, &c. 

4. Through the ſeveral points -, 5, &c. draw the 
curve - Bs, and it will be the hyperbola required. 

5. If ſtraight lines be drawn from the point o, 
through the extremities c Þ of the conjugate axis, they 
will be the aſymptotes of the hyperbola, whoſe pro- 
perty it is to approach EY to the curve, and 
yet never to meet it. . LIE 


In an hyperbola,” „a has 70 ohe * e SLY 
being given, UI. e and conjugate. diameters, 
an ordinate and its abſeija, ro d the fourth. 


CASE * 
The tranfoerſ and conjugate b ; and the raw 


nr A 3 
N 


As the tranſverſe diameter, 
Is to the conju gata 805 
So ĩs the ſquare root ofthe product of the twoabſciſſas, 
To the ordinate | My” aan a He | 


» nm . 


Let f tranſverſe diameter, c = conjugate, x = abſciffa, 
* ordinate. Then the general propgrty of the curve is 
"B:a::xx (t+x): 5 ; and from this analogy all the caſe 

of hs problem are deduced ; p 
| | F6 ixAM- 


EXAMPLES. 1 
ls I the hyperbola G Ar; the tranſverſe diameter 
is 120, the conjugate 72, and the abſciſſa AH 1s 
required the ordinate FR * 


ee er F 


, 


120 (tranſ.) : 72 ( conſe) © : & (160X490) : 
ee 2 2 + 60 


10 


40)=4 +6400 3 ez X16=480rd- 


nate FH. 
2. The tranſverſe diameter is 24, the conjugate | 
- ly and the leſſer abſciſſa 8: what is its ordinate? 
f f . Anſ/. 14. 
- 3. The tranſyerſe diameter of an . e | 
the conjugate 8 3 abſciſſa 12: required 
the ordinate. 


3 CA $ E 8 | 
The rranfoerſe and conjugate Gamaters, ant an ape... 
nate being given, to find the two 22 


n — —— * — — — 
* — — — — — md 

* | 26. 7 th. S. "ye ** i LS r ** d RT * * — — 
9 * 8 


| Ne. 1 ch hyperbole eee added 0 the a 
n | 63 9 RULE, 


— 


— 


3 


” 


| CONC) SECTIONS. 


e ee en >4T} 3 
As the lep en to the tranſverſe; 


* 


$0 is the ſquare root of the ſum of the (quires of of the 5 


ordinate and ſemi-conjugate, 


To the diſtance between the ordinate and the centre, ; 


or half the ſum of the abſciſſas. 
Then the ſum of this diſtance and the ſemi-tranſ- 


verſe will give the greater ha and their diſterence 


the leſſer abſciſſa e 


 BXAMPLES. © 


The A diameter is 120, the the conjugate 72 = 
and the ordinate 48: what are the two abſciſſas ? 


6= of the ſemi-c 
_ 


* A 


1 T # - y - , * 
$hoo(Go=/puare . n een 
— — — 9 


. 36 x F - 6 7 a 
oo 

As 72: 120 :: 60 

+ 364 Digg 120, 


55 72)720o(1092 + ju oth ae 
6e ſimi-tranforrſ 


— — — _ — — — 


— — — — 


2. The 


0 


This rule in ſpecies vt TAE El | 
len e, according a the upper ar der gn i we; 


no OCONIC SECTIONS: | 
2. The tranſverſe and conjugate diameters are 24 

and 21: required the two abſciſſas to the ordinate 14. 

| An. 32 and 8. 
3. The tranſverſe being 60, and the conjugate 36; 


required the two * to the ordinate 24. 
| . eee 


PI ns CASE U 
The . diameter, the tau abſei far and ad ordi- 
nate being given, to * the conj * 


* 


R UI. E. 


As the ſquare root of the product of the ty two abſeiſlas, 
Is to the ordinate ; 

So is the tranſverſe diameter, 

To the conjugate*. N 


"BXAMPLES. 
1. The tranſverſe diameter is 120, the ordinate is 
48; and the two abſciſſas are 1465 and 49: required 
the conjugate, 8 
ery 


= 
* — — ——__ www 


* © This rue expe geraclly 577 + 75 IZZY 
N= =conjugate diameter, IS 


CON1C' SECTTONS. 
As $0 : 48 :: 120 the tranſverſe axis. 


5 | 
$.0)576.0 I eee A 


| 72==canjugate required. NA * 


2. The tranſverſe diameter is 24, the ordinate 14s 
and the abſciſſa 8 and 32 required the conjugate. 


| 


fl 


Anſ. 21. 
CASE IV. 
T he conjugate diameter, the ordinate and e Hille, 
being given, to find the ee, 3 
R U L E. 


1. Add the ſquare of the ordinate to the ſquare of 
the ſemi-conjugate, and find the ſquare root of their 
ſum. : 
2. Take the ſum or difference of the ſemi-conju 
and this root, according as the leſs or 1 a 865 | 
is uſed, and then ſay, 


As the ſquare of the ordinate, "7.4 
Is to the product of the abſciſſa and conjugate ; 

So is the ſum, or difference, above found, 

To the tranſverſe required“. 


1 
—_— 2 al. — 
— — „— 6 
"4 
* 
. 


* This rulein algebraic terms is KH . 
= tranſyerſe diameter. T | 
E X A M- 


wa _CONIC, SECTIONS. . 


EXAMPLES. 


1. The conjugate diameter is 74, the ordinate is 48, 
and the leſſer abſciſſa 40: what is the tranſverſe? 
Here v 48* + 36*= v/ 2304+ 1296=4/ 360060, 
end 60% 30=96. 
Alſo 72 * r of the abſciſi and c. con- 
2 f e 5 
4 2304 2880 : 5 Lag | 
=: 


4 


17280. 
6009. | 


| 2304)276480( (20217ayforh 8 a 
- 304 
4608 

| J — 1 | a 

2. The eopjegste e is ao the leſſer abel 


$, 29d 5 its ordinate 14: required the tranſverſe. 
Ai. 24. 


3. Required the tranſverſe diameter of the hyper- 
bola, whoſe ales, any is 36. the-lefſer n being 


. 


| 20. 1406 * 

7 | PROBLEM 8 
: Nee eee . beginning, 
RULE: 


CONIC' $RCTIONS) ws 


-RUL Es - 

1. To 19 times the tranſverſe, add 21 times the 
— es e Op: 
quotient of the abſeiſſa divided by & 

. T0 e 
rameter, and multiply the ſum 3 the 1 80 "_ 
the tranſverſe. 0 


latter; then this quotient 
nate 1 give the length of 


EXAMPLES. 


ultiplied 
EE. ” ond 


a 8 
11 1 2 


1. In the hyperbola 4 eee Mover 


is 80, the conjugate 60, the ordinate dn Io, and the 
abſciſſa an Am" required the length of the arc 40. 


2 9 8 
— — — —— — be | —— 


*— m 2 


Demon. — ne; = Ae 
| — ty Then willy 0 


72 $5.3 $4 1 4. © # 0 * 
2 BED I", &0.)= length of the 


* * 
99 1 ir 


— 


* * 


nc, 16s hun by th weir en tions, ay * A 


But x = = FI J*—0, nd = | parameter 2 5s by 
the nature of the ee. 'Contquenty the rate becomes 


655 rn * —)+(r5p+97Þ21p X =) X y'=_ 


(1541419124219 4) {15 p44+g64 $2199) KISIX 114 


35 
and expanding the terms, gives a ſeries, agreeing nearly in the 
three firſt terms with the * „ 


enen. ; 


; + &# * * 11 


. 
+ = H 


HY 


7 which by ſubſtituting the valugs of x and p, . 


». 


my conte 8$CTIONS) 


IO 35 333QHWN 
0 t 


| 4 96) 4 | * Fy 
* * 7 / 1 . ' 
CLF \J : * 1 1 8114 4 k 7 0 Yi : F 1 . * 
- 60x60, IN beſts 


= paw roy. 
1 fo t 


Ad 801 TEST * 1 2252 — 745 x 
: ,02704=2465 X ,02704=66. .6536 
Als Fo 89. X21 x =720F gs enn 


21665 n 8 
3 5+ 00.05 35577 X 45.02 8 41 6536 

baue. Neg. ee mann 
th of the arc required. 

big > The tranſverſe diameter of an hyperbola is 120, 

the -conjvgate*72, tne ordinate 48, and the 2 

49: l the length of the Curve. 42 


3 - Required the whale length of the cone of an 
\ hyperbola, to the ordinate 10; the tranſverſe and con- 
jugate axes being 10 and 60. Anſe 20.601. 


PROBLEM MW. 


ob find the ard of an hyperbola, "the ee 2 
gate and abſciſſa being given. 


— — 


If = - ſemictranfveile, c = ſemi-tonjugate, and y= ordinat® 
drawn from the end of the required arc; then y & (1 
172 2 2 4 1 
95 Ore” ag”! i e ce) = 


DAT "IE 2 Rare 


o 6:4 cr Pals 440 


RULE. 


CONTC SECTIONS. irs 
 RUL E,* 

1. To the product of the tranſverſe and abſciſla, 
add 5 of the 8 of the abſciſſa, and multiply the 
ſquare root of the ſum by 21. 

2. Add 4 times the ſquare root of the product of 
the tranſverſe and abfciſla, to the Progues laſt found, 
and divide the ſum by 7. 

3. Divide 4 times the product of the conjugate ahd 
abſtifſa by the tranſverſe, and this laſt quotient multi- 
plied by the former will give the area requifed * 


FT EXAMPLES. 98 


In the hyperbola q a s, the tranſverſe axis 11 z0, 
the conjugate 18, and che abſcifl or height. 4 AH is 101 
what is the area? 


* ©, + — £ *. r JI: MK . 
* © ® Danian, Let t - tranſverſe diameter, e = conjugate, x= 
abſciſſa, I One Then it is well known 


= 
OR 7 757 "$7.9. 8 
S e 


But = * conjugate axe, by the nature of the 

a 

hyperbola. | - Conſequently the expreſſion for for the rule 

D hab tn hen 3 
4 75 Xs of tx <-> "Io" 
And this thrown Into a ſeries will very nearly agree with the 


former; which ſhews the rule to be an approximation.” 
Q. E. 1. 


Rule 2. If 2 v, 2 =baſes, v, and v their diſtances from the 
__ and the other letters as before, then will'y y = vy — 


= area' of the fruſtum of the hy- 


. Y +cv 
— X hyp. log. 
: - x yp. log 2 
per bola. 


Keule 


us CONIC SECTIONS. 


" - £44 
% # . , N et . 
- , ud — * ” - 
- *” 4 : 4 * 
* * * 2 * P * 4 I 4 


Here 21 30x 10-+3 X T0*=21 4 Joo ,007= | 


_ 214/309+71-42857=214/ 371 * 21 X 19-372 

8404-712, | 

— nd (4e e +75 =( 400 + 
Bro = (4 X 17.3205 ＋ 04.712) +75 = 
(69.282 +404.712)4+7522473-994+75=6.3199. 


; Whence — — * 6.3199 2 _—_ 6.3199=6 


N X 4 X6.3199=24 x 6.3196 = 151.6776 Sara we, 


quired. 
2. The tranbvetſc diameter ts ioo, the ( conjul 


60, and the leſſer abſciſs 50; what is the area © ds 


hyperbola ? | Anſ. 3220.363472. 
3. Required the area of the 1 the abſciſſa 


25, the two axes deing 0 and 3 Auf. 10 oog. 


th. — _— * — 
bc a ” "In „* = r — od —— — _" — ot... Ate at * 
— - 1 7 * — C p : 


Rule 3. bee betpun'ss wanfveck ate, A 
S abſciſſa, the area of a ſegment of an hyperbola, cut off 


3 
by » double ondinate, will be = . 42 


— 


2 1 T * * | 114. 


N en be . 
1 it | 24 , 


or 11 


, 


N % 11 f 7 T x 14 N 0 | 
uE N 8 U A A T 10 


\ 4 
8 
1 * — 
* 99. 8 c 
a 5 + 
* , 6" 4 .. — , —F - 
. R . 
4 * 
* 'S £4 i 3 * 11 T " 
* * ” 1 - . 
* . l 2 = 7 C ' 
1. 3t%% 39 | 352 L017 $4 703 


"20S = £X- = 
_— r 


' DEFINITIONS. | 1 


. . 


"HE meaſure of any ſolid body, ·is the whole 

ity or content of that body, when con- 

gadefed und 1 the triple dimenfions of length, — 
and thickneſs. 

2. A cube whoſe ſide is one inch, one foot, or one 4 
yard, &c. is called the megſiring wait ; and the con- | 
tent or ſolidity of any figure, ia computed by the 
number of thoſe e contained in that figure. 

3. A cube dene by ſix equal 22 


ſides. 
4. A paralk is a ſolid contained by fix qua- 
FE; whe. planes, ——— two of which are 


pul end abt 3 A. 
i z<6 '$* 


MENSURATION 


wth „ r* 


A priſm is a ſolid whoſe = are two. * 
"in RO er PRO OPER e 


2 


6. A e is a "folid Jeſcribed by the W 
of a right angled r ut about one of its ſides, 
which remains fixed. 


2 As * is > ſolid whoſe ſides are all triangles 
— in a point at the vertex, ans the baſe any 
ue e ar 5 1 


: : 1 
4 121 - 


8. A A fpbere? is a ſolid Aeſcribed by the revolution of 
a ſemi-circle about its diameter, which remains fixed. 


3 th n —_— * 


1 * The definition of 3 cone has been given already 
: 9. The 


„ SOLFDS. iy 
d. Thee centre of a ſphere is a point within the 
figure, every where equally diſtant from the eder 


ſurface of it. . 2 3865 BB Na e 0 
10. The diameter of the ſphere 4s à ſtraight line 
aſſing through the centre, and terminated "waye 
y the convex Tape eie No oor 900 7 
11. A circular pd is a ſolid ted by the 
revolution of 7 of a citele bo Its chord. 
which remains fixed. * [1 It 33 10 so, 5 dais 


% : Prot [come 59 tes & 20 282; ay ji G 7 


12. A pet is 4 RY Ped by. the 5 
tion of a emi-ellipfis about ge of its diameters which 
is conſidered as quieſcent. 

The ſpheroid 1s called prolate, when the revolution 
is made about the tranſverſe diameter, and oy on 
nnn | 4 


wa ay a” 4a » —— 


13. E liptic FE + — lic Sth . 5 
generated in Ie ſame manner Hr i ſpindle, 
the double ordinate of the ſection deing always ; hxed 
or quieſgent. | 
« 14. Parabolic and boli conoi ds, are ſolids formed 


rag revolution © a ſemi-parabola or perbola 
a its tranſverſe axis, Which i 1 1 as 


quieſcent,” 


— 


* 


5 | 15. The 


MENSURAT.ION 


4ap” 

15. The men of a-pyramidi ſphere, or any other 
fold, 1 Mo OT a plans parallel 
to 1 e of that f re. ne n 
1 „ remains at 
5 or cher the ſphere XI kick bi 
17. zone of » 10 w in- 
FFF 
plane are equally Att from the rue. i is alle 
the middle zone of the ſphere. 

18. "The height of » f jo « perpendicular, drawn 
from its vertex to the baſe or ER is 


ſuppoſed to ſtand, | 


PROBLEM. WISE 
pe Th Rk ers 


99% 12. IO: 5 
2 adp the fide of the cube 2 Ielf,- and that 
product again _— ide, — give the ſolidity 
required. 5 | | 
As 5 1 — SEAS. - — Po 8 * 


Demon. Conceive de d bee is be divide s 
e e e eee 


unit. 
Then will thoſe fquares be the baſes of a like number of 
Iimall cubes, which are each equal to the ſolid meaſuring unit. 

But the number of little ſquares contained in the baſe. of 
the cube are equal to the ſquare of the fide of that baſe, as 
has been ſhewn already. 

And conſequently, the number of 1 
the whole figure, muſt be equal to the ſquare of the fide of 
the baſe multiplied by the height of that figure; or, which is 
the ſame thing, the ſquare of tho fide of the baſe multiplied by 
the baſe, is equal to the ſolifity. C. E. D. 
A 


"3 743 & 
WT 1 


5 XAM- 


. 
**. 


"# . 9 2 ; 
| . LY 9 
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4 i 2 = . had , . . 


£ 


EXAMPLES. . 
8. The ſide à , or ac of the endo ancnhons,. 
is 25-53 whan i IE DE JU IIMAS A, a 


S | 47 
a r 
= 
- 


- 


Here A i 25.5 X 25-5 X 25. 5 g 
650.25 1658 1.375 the anſwer, or content of the cube. 
2. The fide of a cube. 15 Hebes: what is the 
ſolidity? { Ane I,. in b. 
r WF. FIGS. 
3. What + is 1 olidity or cube whoſe ſide is 
17.5 e | 12 * 


PROBLEM U. 
To 7 fot the ſolidity of a NETS. 


RULE.” 


Mulaply the = by the breadth, and that pro- 
duct again by the 18 or altitude, and it wil give 
the ſolidity required. 55 3 


— — „ of 8 * 44 FX! 


. 
a 4 1 


—"— — ww ee. 
for the priſm and cylinder, is the ſame as that for the cube. 


Note. The ſurface of the parallelopipedon is equal to the * 
of the areas of each of its fides or ends, 


G 11. | ; 3 


- al A 
= 


1 _ MENSURATION 


' EXAMPLES. 


1. Required the ſulidity of the parallelopipedon - 
_ ABCBFEHG, whoſe length a n is 8 feet, its 3 


FD ads and the depth c or e AD 64 . 


Here a BXADX# d=8x6.75 X 4.5= 54 X4.5= 
243 folid feet, the contents of the parallelopipedon required. 

2. The length of a parallelopipedon is 15 feet, and 
each fide of its ſquare baſe 21 inches: what is the ſoli- 
dity? Au. 48.9 feet. 
8. What i is the folidity of a block of —_ whoſe 
length is 10 * its breadth 54 feet, and the depth 


3z sr . 5 * Hnſ. 201. 25 feet, 
- PROBLEM... 
25 find the folidity of a priſm. -. 
"rele 512 
Multi pl the area of the baſe into the pe — 
height priſm, inen 
— — — — — — 
| 2 — 3 aquatts th om of the an 
5 6 dab eee 1 11 3 0 


> "RX AM- 


” 417 
* 


r 8011 * „ 


e . 5 

1, What 'is che ſolldity of the + 
a B CF-ED, Whoſe length a B is 10 . and either of 
the equal fides BC, © p, or DB, of one of its Lam 
ral ends BC o, 21 feet) F240 5 7 | 


* 9 
E 1 \ Nen 2 
2 * 1 8 kw = q * 


Here I 2.5 *X/3=4 X6. 25X4/38=1. Lear 
3 1.5625 X 1.732= 2.70625 r area of the baſe Bc v. 


Or, — = =72=3-75= = | fum of the ſides 


BC, CD, DB of the triangle DB. 

And 3.752.551. 25, SA 25; 1.25 and 1. 2523 
differences. 
Whencey/ 3.75 X 1.25 X1.25X1. 2 75 77.255 
SV. 32521875. 706 =area of the baſe as before. 

And 2,7063X10= 274063 ſolid A 1 
pri ſin reguired. 1 
2. What is the ſolidity of a riangular priſm, whoſe 


1 is 18 feet, 45 one ſide of the equilateral end 
t feet? 9 * 2 50859 feet. 
8 — — — — 


Nun rule may he foe In the Notes ts Problem r 5. . 
WY Re- 


124  MENSURATION 
2. Required the ſolidity of a priſm whoſe baſe is 


bers n, ſuppoſing each o che equal ſides to be 1 foo 
1 + inches, and the fee of the priſm ee ; 


2 PROBLEM: IV... 
To fol NEO « Ghats. 


'RULE® 


Multiply the ipheryor ciicumference of 4 baſe, 
22 height pr cylinder, and the product: will be 
convex ſurface required. 


EXAMPLES. 
1. What is the convex ſarface of the right cylinder 


a BCD, whoſe length ne is 20 feet, oe the diameter 
bend r 7 


* 
4 


y;'_ 

"nz 

Jr i 

* 
| * 

s 

Ly 


: 
: 
\ 
* 
4+. 
i © 
1. 
o 
* 
- 
4? — 
* 3% 
- 


1 ” 
7 
* 
he 

$ 
" 
4 
o 
* 


* Demon. If the yeripdery of the bab be conceived to wore, N 
in a direction parallel to itſelf, it will generate the convex ſu- 
+ . perficies, of the cylinder; and therefore the ſaid periphery being 
I. 77 - n es be equal to tat 
ſuperticies. - Q. E. D 
Note. if eiiica the ana of thier of the cats be added 10 the 


cenvex _— it will ä W 
ert 


e SOLIDS: / 125 
3 3.14159 * 2=6.28318= periphery of the baſe 
"a 28318 K 20125, 6636 fquare feet, tha COM- 


wexity required. 

2. What is the convex ſurface of a ri he cylinder, 
the diameter of whoſe baſe is 30 ine 29, and the 
length 60 inches ? L, 5654-862 inches. 

Required the convex ſuperſc:es . a right cy- 


Under, w oſe circumference is'$ feet 4 inches, and its 
length 14 feen. 6 Be, four: 


PROBLEM v. 
To find the Jalidity-of a cylinder. 

fre” u UL“ 
Multiply the area of the baſe by the perpendicular 
1 the cylinder, and de produdt if be the . 


* ook $4 "BX'AM-/ 
— — — — — —— _ 
1 The four following caſes contain all the rules for finding 


the ſaperficies, and ſolidities o  cylingric ungulas. | 
I. When the ſetien is rpg to . axis of the cylinder. 


Rule, 1. ee ee as be ns 
the height of "ths cxlingan, and the Wag wt be the curve 
ſurface. | 

2. Multiply the area of the baſe by the wens of ho o. 
4c and the produ@ will de folidry, | * 


15 MENS u URAT tox | 
'E XxX AMP LE 3. 


1. What is the ſolidity of the cylinder an Cb, the 
diameter of whoſe baſe A is 30 inches, and the height 
BC $Þ niches . | 2 

N e 


£ 


1. hen the ecrion affes oblign through the te fider 
of the 00 5 rely ehroug anf 


* 


. 


el. 7. ae ee een aigc 
linder by half the ſum of the greateſt and Jeaſt length, of the 
ungula, and the product will be the curve ſurface. 
2. Multiply the area of the baſe of the cylinder by half the 
ſum of the greateſt and leaſt lengths of the ungula, and the 
product will be the ſelidiry. 17> 

III. When the ſection paſſer through the bje ofthe , 
and es of its des 1550 


Rule. 1. Multiply the ſine of half the arc of the baſe by 


bann en 

product of the are and coſine. 

2. Multiply the difference, thus ſound, by the quotient of 

'the height divided S we produtt ll b 

9 e | 
N 1. From 


"or $OL IDs. © 127 


Here 7854 & 30 7854X 9002 706.86 = area of 
the baſe AB. 
And 706.86 & 50 = 35343 cubic inches ; or - 3506 15 


20.4531 ſolid feet, the anſwer required, 


— 4 6 » i... Al... A. a 
N 8 * ” < * _ 4 1 
% N : 


_— | From f ofioatare uber IS 
baſe, ſubtract the product of the area of the baſe and the coſine - 
of the ſaid half arc. 

2. Multiply the difference, thus found, by the quotient. ariſ- 
ing from the height divided by the verſed ſine, and the product 
will be the ſolidity. | | 

4 n poſs many through wears the 
lin r. 


Rule. 1. Conceive the a to be e till it Se 


the fide of 3 then tay, 6 
G4 7% . 


x28 MENSURATION 
2. What is the ſolidity of a cylinder whoſe height 
nnen ts ory pes, ; 
Anſ. 15.708 feet. 

3. What is the ſolidity of a cylinder whoſe height 

is 20 feet, and the circumference of its baſe 20 feet 
alſo? ; An. 636.64 feet. 


4- The Greenfee of che baſe of an oblique 
eylinder is 20 feet, and the b height 


19.318: what is the (pare ; WM HI ert, 


PROBLEM VI. 
fo Je W of a right cong; 


RULES 


Multiply the circumference of the baſe by the lat ; 
height, or "he length of the fide of the cone, ; and half 
b. e dener r 1 4 

. 4. 2X4 ”_ 


- * _ "5 * 


0 . N — 
1 > b FL 16? 4 1 AT Se ik 4 — — * 1 1 1 


— ——— — 


— 


of the verſed fines of half the ares of the two ends of the ungula, 
is to the verſed firſe of half the are of the leſſer end; fo is the 
height of the cylinder to the part of the fide produced. 
2. Find the ſurface of each of the ungulas, thus formed, by 
eaſe the third, and their difference will be the ſurface required. 
3 In like manner find the ſolidities of each of the ungulas, 
and their difference will be the ſolidity required. i 


Demon. Lt «054 5d 3-1416= =þ, and 2 bz. ; 
Then 4: b:; ee R 
e. 2 ' 


7 


4 ' 


CA SOLI DS 3 129, 


o 
* 1 


I Ur.. 


1. The diameter of the baſe AB 11 
fant height ac or Bc 15 feet: f 


ſurface of che code 42. 


Here eder 32g ddt eee. 7 the baſe | 


AB, | 
g And, 24245 X15 144.3720 2 | =76.646 G N a. 


the convex 1 re ; 
2, The diameter of a right cone is 4c feet, an 
the ſlant a 20 feet: required the convex ſurface. 


(5 Nbg 141-372 feet, N 


L 1 — 
PC "IF * »” * Nun * * 
.* 
6 . L 2 £ 


But py x 2 — fluxion of the ſurface of end, and its fluent 


2 — ; which, when y= Ee, becomes E- = conver deter 


24 
of the whole cone. Q. E. D. | 
| To ful the ſurface of 6 right pyramid. "- 
Rule. Multiply the perimeter of the baſe by-the length of 
the fide, or flant height of the cone, and half te Produkt i? 
be the ſurface required. 


136'. | MENSURATTION 


3. The circumference of the baſe is 10.75, and the 
flant 2 18.25: "_— is the convex ſurface? 


An 15 09375. 


- . - * , ”y «aa # Is : 
- S N * ” N 


„ 0 B L E M VII. 
To find the con veæ ſurface 27 the NS of a right 


7 


C is 


a RULE. 


Multiply the ſam of the perimeters of the two ends, 
by the ſlant height of the en, and half the product 
will be the ſurface * 


— — — 


N 5 
* 8 7 N — 
% | 4 


1 A Let the e ck cirels AB=", that of 
2D=þ, BD= b, and the reſt as in the laſt problem. 
Then 12: 1b (wc): ep; and, by diviſion, =p: :6 
hb 
— e D): en ; but y x (6.4 £2.) Seele 
convex ſurface of the whole cone, by the ll rule; and alſo p, 


87 . . There- 


tad 
| fore r X 5 + ez. 


Jerry b=twice the cenvex furface of the fruſtum 
a 593; andthe hlfthereofi egos whichis the ſame do 


the rule. Q. E. D. 
To find the ſurface of the froftun of 4 a right pyramid. 

Rule. Multiply the ſum of the perimeters of the end by the 

Rane height, and half the W will de the ſurface raps: 


E XA M- 


bor /SOLIDS,: | 131 


P * . 
" r 


Ns. 


1. In the fruſtum a» B b, the 8 of the 
two ends a Band Dt are 22,5 and 15.75 reſpectively, 
and the flant "ey BÞ is 26: what us, * er 


ſurface ? 


| 5 


46} 1 


22. 1 X 2 | 
* $75) X46 | N 0 

4 X 152249725 zcontex requized,.. 1.111 
2. What is the convex ſurface of the fruſtum ofa 
right cone, the circumference. of the greater end being 
30 feet, that of the leſſer end 10 feet, and the lengti of 
the ſlant ſide 20 feet? 5 4 400 feet. 
3. What is the convex ſurface of the.fraſtam of a 
right cone, the diameters of the ends bein vg, 8 and 4 

feet, and the length of the flant fide 20 fee 
4. If a ſe 


4 Mich erer 
ent of 6 feat, t be cut off a 
at whoſe 21 — 

of its baſe 10 ſeet; what is ta ſurface of the fruſtum? 


height 1s 30 feet, and circumference 
Au. 144 feet- 


STO. & 30 * 54 UL} e 


G6. EY PRO- 
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PROBLEM Vm. 
To find the folidity of a cone or pyramid. 
RULES 


Mat plythe area of the baſe by 5 z of the pe 
_ dicular height of the cone, and — will 
the ſolidity. 


. i 
1. e the ſolidity of the cone a c B, whoſe 
diameter 4B is 20, SN parents _ C8 
mr : 


= * . 
i * 8 8 th 0 4 


6 


Demon. Let ae =s, e and area of the baſe of 
the cone 4 c. 
Then 22 (e $82) 2x3 (e): 12 x 55 (by fim. As);:A: 


— e e 
Squares of their demeter. e 


2 
e # =fuxion of the cons x © 0, and its fluent = 


ep cd when #6 boos = « Lt th ta 
ty of the whole cone. Q. E. D. PLE 
In the pyramid cxzvs it will be an (c 82) 1 x2 (e 24) :: 


e e (by im. A:) :: 4 (area of the baſe x); 
(area of „ becauſe A 
- But * dene of th pri 4 and its eor- 


un * fume a6 in the cone; and tis ruleis 


(gre), bt the Fgur of ths baſs be has ll, 
4 3 3 


* 


if 


Here 54% 70 oth 314:16=area "2p 
the 3a ee ; tht; . 
And 314. 16 NT II 4. es 1 3:88 =/olidiry 


an 
2. Required the ſolidity of the hexagonal p onal pyramid 
— 


cb, each of the bm ſides of its being 40, 
| inn ight © s 60, | 


Mere 2. pals akin ak 1 10 i 7 
2.598076% 1600=4156.9216=area of the baſe. 


ente 
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Ad, 4156.9216 X 85 = 456.9216 „ 20 = 
_ 83138.432 /olidity * 
3. Required the ſolidity of a triangular Pyramid, 
ROW height is 30, and each ſide of the baſe 3. 
An. 38.9711;. 
8 2 the, ſolidity of a ſquare pyramid, each 
fide of whoſe baſe is 30, and the perpendicular height 
20, Auſ. 6000, 
5. What is the ſolidity of a cone, the diameter of 
whoſe baſe is 18 inches, and its altitude 15 feet ? 
4 8.83575 feet. 
6. If the e of the baſe of a cone be 40 
Ws and the height 50 feet ; what is the folidity? - 
Anſ. a lac feet. 
RT What is the content of a pentagonal „its 
height being 12 feet, and each fide of its baſe, a feet? 


ts 6 in TT 


x * — 
Fs 1. 64 


# — ) 
1 m - 1 
' 1 . 


as 


PROBLEM Ix. 1 94 
To my the alia of the We * a cone or e 


R UI. E. 


1. For the fruftum of a cone, the diameters of the tao 
ends, and the height r given.” 
Divide 


— 


* tl 0 
. — 


. Demon. Let _ Glaieter „ 755 and 
3 n of the cone ABD K, (ſee the laſt 


figure.) | 
Then v: d:: ms e : 0 ee (b) : 


4b "*% 5 
e. S height of tie oone = Dc, | | 8 A + 
. „3 " — 8 . SIP >. oy : þ ay x But 


or 8011 DS. | 135 
Divide the difference of the cubes of the diameters 


of the two ends, by the difference of the diameter 


and this quotient being multiplied by. 7854 and again 
by 3 of 4 hei ght will give the ſolidity. 


2. For the fruſftum of 8 pyramid, the Ades and height 
being given. 

To the areas of the two ends of the fruſtum add the 
ſquare root of their roduct, and this ſum being multi · 
plied by + of the height will give the ſolidity. 4 

1. What is the ſolidity of the fruſtum of the cone 

2aBD, the d diameter of whoſe of na end 4 92 is 


ti. tt 
— wn 
— — 
” 


1 0 


= * 5 4+ dune the whole cone xt, 
p d* 


45 A 
mal x > = that of the cons. x00. denn Le. FEY 


—4 
45 i, db > t S:3cyrzad 5 
* +5000 , SUTIN TIT Bi 
db. e F< x e 
—) x == lt” ET 7X ; my 


þ 
+ =ſolidity of the fruſtum asp. QUE. D. 


Again, for the polygon, let 8 ED, Zed, and m= proper 
multiplier in the table of polygons; N $:3::C$:cs, and 


bs 


$=5: 37: cg—Ccs (6): N 


But 18 and ms* ar6 the areas of | polygons whoſe aa. 

2 
and s reſpectively. And therefor = x (6+ —-= X 
= — 64 e . (ws 3 * 


3 
abap ot de fruſtuem ene which 1 the ſame as tbe 
rule. N 


5 feet, 


* 
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5 feet, that of the lefler end x f feet, and the per. 
; 3 


— 


Here SL 1 s *. 7854 


* 2.3562 49 N 2.3562 = anc felid A the 


contrit of the frufhum 
. What we nüt of the futom ex 0 6, of 
an hexa pyrami e E Þ of whole greater 
ends 4 feet, that er the Leſſer end 3 feet, and th 
Wks arab 


Here 2. 508076 (tab. mult. ) * 72 598076 X 92 
23.382624=area of the polygon eb.” 
And 2.598076 ons mult.) x 4*=2. 598076 K 16= 


4: e, of t 


be polygon 8 B, | 


0 SO Ds. „ 


Whence vii 5692 216 * 27878877 1. 7999871 
2231.176911. ö 
nd (41.569216. K 23 382684+$1196911) xy= 
95.128811 * 3=288. 386433 feet, =/olidity required. 
z. What is the ſolidity of the app 7 xg ops the. 
diameter of the greater end being t, that of Wie, I 
leſſer end 2 * and * Dot 
75 65.9796. 


n is 1 1 Ibn 44h} 148% 4+ What 

— eee ee eee ee, 
The following caſes contain all 3 : 
ies and ſolidities of conical ungulas. 
1. — 


N 


sn $667 £7 100 
Ek bitte aid 4g. da? 


2 11 gf: 0 Hibtiecl gz: 


r eee eee d g= e 
diameter of the ies end, 8 perpendicular beg five fe | 
| tum, and 2 78539, &c. ane | , 4 

Then will 54 7574 8275 * 1 Scan of the 
ann a 5 


And r @=0)x pi —4) Sz 2 


A * 1 1 K Nan 
ſurface of AD 5. 
. Wb the the een las the be err the f 
angle Dr B leſs than the angle 2 * 7 
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4. What is the ſolidity of the fraftum of a cone, 
the circumference of the greater end being 40, that of 
the leſſer end 20, and the length « or wn, go? N 
3713. 

5. What i 1s. the ſelidity of the fruſtum of a —— 
pram x th v fide 9 greater end NN 1 ly | 
that o 15 inches, and the he 

inches? a, 1 Au. 16 150 e | 
5. What is the ſolidity of the fruſtum of an hexa- 
a pyramid, the fide of whoſe ter end is 3 feet, 


eme. N length 12 feet? 

abe i . 25 245 E ofiins K N 

* —_— FRO. 
PS NaN 7 6 93d = _ pe 3 — ; | * 


| 8 tabular ſegment, whoſe verſed fine is mo 


tab. ſeg. whoſe verſed mk T) +4, and the other 
letters as before. 


Then (8X D3— 5 xe Fw 00 * 


1 1 „% 175 
e ee eee eee | p 


And 7 4. + (D in x ber. * = x 
er, = e ofthe dne, whoſe | 


4— AT 
4 Ar 


F 2 
» When the _ is * to * 0 2 the 2 


* B 


Let 4 = area of the baſs 7 x, and the other letters as 
| | - 


— 


or SOLTDS. " GR 39 

brennt ,, 42268” 

7e. find the folidity of a cuneus or avedge. a 
i 

Malti ply the ſum of twice the length of the baſe 


and the lengh of as 1 _ PRES 
8 Fe no? 


Then (== $44 CESEDET La 


dee beta,. 1 
4 = i x b 5 —2 


* VND -A — Ames of @ iba, 
CCW 
DrB greater than the angle CAB. | 


x { 


Let the area of the hyperbolic ſection xD A, and the ares 


vf the circular ſeg. Eur A. 
Then x ( οο = | 

oe obi rr | ad | 22 
And r e w_ 


eg Bs cure rhe $7 wo 
1 M e 0 
Ker. 


Note. The cranſyerſe diameter of the byp. fe. === = 


and ente er from which its area may 


de found by the former rules. 
* Demon. When the length of the baſe is equal to that of 


the wedge, the wedge is evidently equal to half a priſm =: 


ſame baſe and altitude, 


* 


„ —MENSURATION 


e ge and the breadth of the baſe, and 
2 0 C "4 


EXAMPLES. 


4 . ſolid feet are there in a ate whoſe 
baſe is 5; feet 4 inches long, and 9 inches broad, the 
length of the edge being 3 feet 6 inches, 2 per- 
pendicular eight 2 feet 4 inches ? N 


Here (64x2+42) x28X9 r ; 
6 | 
| yoxatey _ 170k RS. fra x 1450 3=7140 


Ar, 5 1 
— — r e e eee 
A eg ax the ci ie Wente er longe? s thi talk, 
the wedge is greater or leſs than half a priſm, by a pyramid of 
the ſame height and breadth. at the baſe with the wedge, and 
te length of whoſe baſe is equal to the difference of the lengths 
of the edge and baſe of the wedge- ; 
Therefore, let the length of the baſe 1c = x ; the length 
of the edge xy=/; the breadth of the baſe » a =5; and the 
height of the wedge = r= ; and we ſhall have by the former 


roles >=: 35 x n 


n= . EL 
— 


" 
4 
"F; . \ 
* j 


or SOLIDS. N 
And 7140 = 1728584 eee re. 


red. 
on The length and breadth of the baſe of a | 
are 35 and 15 inches, and the length of the — 4 is 
55 inches: what is the ſolidity, ſuppoſing the perpen- 
dicular height to be 1 7. 14508 inches ? 
A. 31006 hay 


77 PROBLEM XI. 
Jo find the ſolidity of a priſinoia. 
R ULE®: 


To the ſum of the areas of the two ends add four 
times the area of a ſection parallel to and equally 
diſtant from both ends, and this laſt ſum multiplied by 
z of the height will give the ſolidity. 

Note. The length of the middle 5 le ĩs equal to 
half the ſum of the lengths of the rectangles of the two 
ends, and its breadth equal to half the ſum of the 
dreadths of thoſe reQangles. | 


E XA M- 


— * — 
* — RIES — — _—_— — — * 


9 — We 


» . The rectangular —_ is evidently c 
of two wedges, whoſe heights are equal to the dere of the 
priſmoid, and their baſes its two ends. Wherefore, by the 
laſt problem, its ſolidity will be = =(a,+{x3+4/+ 5x8) x 


b [ 
pn jeg Rt EO 


— 


FLEE qum Xe; which is the rule, as was to be ſhewn: - 


The Sade of. two parts, commonly called the un- 
gulas, or hoofs, into which the fruſtum of a rectangular 
pyramid is divided, may be found by the two laft rules, as 
they are only compoſed of wedges and priſmoids. —© 

A very elegant demonſtration of this rule for the priſmoid 
may be ſeen in Simpſen's Fluxions, page 179, 2d Edition, 


142 _ MENSURATION 


* tex Aur LES. 6 
125 What i is the ſolidity of a rectangular priſmoig 
che length and breadth of one end being 14 and 12 
inches, and the correſponding ſides of the other 6 and 
4 inches; and the e 505 12855 4 
HK 


Ar 14 12 ie 24= 102 K of the 
ah he we ad, 


Ae =E=10=loyh of the middle 2 | 


And 2 2 LI = . S of the middle recanghe 


5 Whence 10X — times the area 
COINS 


cds, * 

- 4nd 31 3 074. ſolid fare, 1 content. 
28. What is the ſolid content of a priſmoid, whoſe 
greater end meaſures 12 inches by 8, the leſſer end 
8 inches by 6, and the waer height, 60 inches? 

2 


d o G 


_ 
— * ch 6 ** n 


1 the baſes of the priſmoid are diſfimilar A of which 
, land , u N are correſponding dimenſions, and & the height 3 
Then 6 yo u +2/+1.m) ** 5 = ſolidity. 


3. What 


oer 80LI DS. 113 


3. What is the capacity of a coal waggon, 80 
inſide dimenſions are as follows: at the top, the 
length is 81}, and breadth 5 inches; at the bottom, 
the — th is 41, and the breadth e inches; and | 0 

icular depth is 41 inches? 

17 126340.59375 nd, oped which is e 
equal to a chaldron 27 coals, . 


: 


| PROBLEM XII. 
To find the convex ſurface of a ſphere. 


RU LE.“ 


Maltiply the diameter of the Gees by its cireum- 
ference, and the product will be Convex ſuperkicies 
r ured. _ 

bo Nete. The curve furface of any zone or ſegment wil 


alſo be found by multiplying its height by the whole 
circumference of the ſphere. 


* EXAM. 


— * —_— FI" _— 2 — 2 8 


— . "TY — _ — — A 


— 2 


Demon. Put the diameter 1 c 24 4 e 4c 2. 
BC=2z; and 3. 141 59, &. =p»: 
Then, ſince ty Aoc and c x Dare Ae ws 


ſhall have c A Geo (=): 20 * (Xx): D (A) == But 
225 E is the general NN for the fluxion of any ſurface; 
and therefore by bam fo for its equal ⁊, the fluxion will 


become pdx 3 and conſequently pds=furface of any ſegment 
of a ſphere whoſe height is x, and pdd = that of the whole 
| ſphere. Q. E. D. 
Cor. 1. The ſurface of the ſphere is equal to the curve ſur- 
face of its circumſcribing cylinder, | 
Cor. 2. The ſurface of a ſphere is ae < timed th 
| . of a great leh of 5 


1. To 


3 8 2 A 4 92 £1 $f 
n IA WF! 
1 4 Was jathe convex fu fuperfiees of a globe » ve 
ww N B'G is. 17 inter; | | 


* 
1 
* 


- 


344 1459 17 X 172553 40703 x 17907-91951 
fquare inches... -. 

Aud, 907.91951 * 144= =6.30099 a te. the 
anfever. 1.2 | & 465208 


1 
- = Wu © 4 
rn ** — lth. * 3 — 


— : — _ — — — 
's 


1. To 6nd he Jonar frfceincloded between two. gre 
eircles of the ſphere, i . 


> W 272 * 
RuLy. Multiply the diameter into the breadth of the ſut- 
face iti the middle, REAP dhe e h 
quired, 


7 


Or, As one right ne is to a ** circle of the 8 
So is the angle made by the two great circles, 
Io the ſurface included by them. T 


2. To find the area of a ſpherical triangle, or the ſurface 
included nn circles oi the 
ſphere. * & 


Rur z. As 1 two right angles, or 1809, 2 710 
£42 Is to a great circle of the ſphere; 
Siois the exceſs n 
+6 To the area of the triangle, 
LA * 4. 5 2. What 


or sO0LI DS ig 


. What; is the convex e of a ſphere whoſe 
diameter is Iz feet, and circumference 4. 1888 

feet ? Anſi 5.58506 he 

3. If the diameter, or axis of the earth, be 7957% 
miles; what is the whole ſurface, ſuppofing it to . 
a perfect ſphere? 4, 198943653 ſquare miles. | 
4. The diameter of a ſphere is 21 inches; what is 
the convex ſuperficies of that ſegment of it whoſe” 
height is 41 inches? 4% 296.8802 inches. 
5. What is the convex ſurface of a ſpherical zone, 
whoſe breadth is 4 inches, and the diameter of the 
: ſphere, from which i it was cut, 25 inches! 
88 hd Ne TIP | 


— : — 


PROBLEM . 
Tofind the Hud of a Nr. ar ghibe. Ins 


„ NU 


Multiply the cube of the diameter by 5236, and : 
the N will be the — 


BXAM- 


—_—— * 


0 Dans? Put AD=z ed=z, the r AB. =, 
and p = 3.14159. ; 

Then, by the property. of the circle, Ae . But 
the general expreſſion for the fluxion of any ſolid is p y* #3 
and therefore by re by writing dx—x* for its equal y*, we ſhall 
wed te * ds dE - . The fluent of which is 

3 — 
=== — 2 = content of the ſegment e ar. 


H | , Anf 
- 0 F 


6 


14 NME NSURATION 


n EXAMPLES. 
Pay} What is the ſolidity of the ſphere a E e, whoſe 
ee AB 18 17 inches ? 


# 


, Ae 
. 1 4 


Here 17% x 5236 ν X17 X17 X. 5236=289X1) 
X.5236=4913X.45236=5272.4468 ſolid inches ; 
And 5272. 4468 = 1728 = 1.48868 ſolid feet the 


anſwer. 
2. What i is. the ſolidity of a ſphere hols diameter 
is 13 feet? | Anſ. 1.2411 feet. 


3. What is the ſolidity of the earth, ſuppoſing it 


to * OY ſpherical, and its diameter 79574 
Anſ. 203858149120 mules. 


PROBLEM" XIV, | | 
ben m n, ve her | 


1 
Let 
— * 


— a 


* 


—— 


c IP » — — — 9 


5 1 
And if 4 be n. for x it will n 33 = = 


25 — X +5236, « or (523643 ; which i is the ſans as the rule. 


Coroll. A ſphere, or globe, is equal. to two-thirds 2 
circumſcribing cylinder, 


e, ES 
'To three times the ſquare of the radius of its baſe © 
add the ſquare of its height ; and this ſum multiplied 


by the height, and the rr n ef F236 will -1 
give the dew rat 


9 . — 
+ £ 
4 


it EXAMPLES: 


1. The radius © » of the baſe of the fe Aan e CAD / 


is 7 inches, and the hci, A An OY hat 1 * its ; 
ſolidity? - LSE | 


* Demon, Let r =radius of the baſe of the ſegment, = 
height of the ſegment, and the ogy letters as heſore. 


Then will (34h —23) * =  folidiry of the fegment, : as 
is ſhewn in the laſt problem. | e „ F 
But fince — = d, by me ins as 7 
2 a — JI” 89 | | 

ſhall have (ED . X = TT 25 xt —. HE. 


dity of the ſegment, which is 8 as the rule. N 
Or if d ⁊ diameter of the ſphere, and B = height of i the 4 
ment; chen will 5236 x (34— 25) = RF wo but 
H 2 po Here 


- | ms 


Ra:  MENSURATION 
| Here (*X3+4*) £4 $.5236=(49X3+4*) x4 
X .5236=(147+4*) X4 X .5236=(147+ 16) x4 
-X:5230 =163X 4 X 523665 2 * 5236 341. 3872 
folid inches, the anſwer. 
2. What is the ſolidity of the ſegment of a ſphere, 
be diameter of whoſe baſe is 20, and its height g? 
A 1799.6132, 
3. What is the content of the ſpherical ſegment, 
whoſe height is 4-inches, and the radius of its baſe 87 
47 435.7 6380 
4. What is the ſolidity of a ſpherical egment, th 
diameter of its baſe __ 17.2330, and its beighe 


457 Anſ. 572.5 566. 


> 


PROBLEM XVI. 
| To fot th Belly of + fenfon Cn gon 


* 


R UI E= 


To the fum of the ſquares of the radii of the two 
nls, add 3 x of the dauere of their —_ or the 


Ad 


* 


” 


8 The diffcrence between two an ets dove 
whoſe heights are u and b, and the radii of whoſe baſes. are 


| x and r, will, 'by the laſt problem =L x (34 + 11 — 


37 b—b3) = == zone whoſe height is er And therefore by 
putting & for the altitude of the fruſtum, and exterminating 
n+ 1% 


H and þ by the means of the two equations Wc 


and n—b=6, we ſhall Ot: aur?! X = which js 


* 


. ! 


eri 


breadth of the zone, and this ſum multiplied by the 
ſaid breadth, and the product again by 1. l wilh 
give the ſolidity. | | 


EXAMPLES. 


1. What is the ſolid content of the zone AB cp, 
whoſe greater diameter AB is" 20 inches, the leſſer” 
diameter CD 15 inches, and the diſtance in of the 
two ends 10 inches ? 


Here (10. + 7.57 +2) X 10 X co (100+ _* 


56. 25 433.33) X 10 * 1570822189. 58 Xx 10X1. 15908 8 
= 1895.8 X 1.5708 = 297%. 92264 ſold. Inch hes, the 
anſwer. | 
* What is the ſolid content of a zone, 60 
greater diameter is 24 inches, the leſſer diameter 20 
inches, and the diſtance of the ends 4 inches? 
| Anſ. 1566.6112 inches. 
3. Required the ſolidity of the middle zone of a 
ige, whoſe top and bottom diameters are each 
3 feet, and the breadth of the zone 4 feet. 


© Art 3 


1 S 
3 


If it be the middle zone of the ſphere, the ſolidity will be | 
- = (4*+3b*) x 7854 ˙; where'd = diameter * end, 


and b S its height. | 
H 3 PRO- 


150, MENSURATION 


FI PROBLEM XV. ; 
To find the ſurface of a circular ſpindle, the length and 


| breadth , or middle diameter, being given, 


rag . 
1. To the ſquare of half the length of the ſpindle, 
or longeſt diameter, add the ſquare of half the middle 
diameter, and this ſum divided by the middle dia- 
meter will give the radius of the rircle. 

2. Take half the middle diameter from the radius 
of the circle, and it will give the central diſtance. 
3. Find the length of the revolving are by problem 
the 10th. | EIB 175 

4. From the product of the longeſt diameter and 
the radius of the revolving are, ſubtract the product 
of the ſaid arc and the central diftance, and this 

remainder multiplied by 6.2832 will give the ſurface 
require. N | 4 


RAM 


N 


, 1 q . 
\ a ” 
POPE SO ECP —_— At... at th. - LY — 
4 . K — 2 — 2 > _ * 
= 
- 2 * 


Denn. Put g arc © n, x=its fine nm, radius co. 
c central diſtance oe, and p:=3-14159, . | ; 
Then ri = (ow): r:: #2 E, and e =, 
by the property of the dircle, as is ſhewn in the demonſtration 
to problem 13. But 2pz x na=2p2( - - 
(2 /r*—x?—c2) is the general expreſſion for the fluxion, 
and therefore 2p & (rc) = fluxion'of half the fruſtum 
card, and 2p X (rx—cz) = 2 X (r KAN cn) = to 
2 EE. D. 5 1 Coroll, 


» 


43 


0 80 LIDS. 151 


— 


EXAMPLES. 


1. What is the ſuperficial content of the Aer 
ſpindle Ap Be, whoſe 8 AB is 48, and the mid- 
jo diameter c 36 ? 


Here (24* + 18*) 4#36= (8164314) +46=79 * 


—=250e 3 radius of the cirthe as. X 


' Therefore cr 


ue e | — . = 12->50=14. 76 = 


12>35.24=.3 34053: 


— 


— wi, 


CT” * 


Coroll. 1. Whien ea=ea, the rule becomes 2 PN (r X 2A 

ea] for the ſurface of half the ſpindle, and 2 f n | 

7X AB—c XX Ac for that of the whole ſpindle. 0 
Ceroll. 2. If from the ſurface of the ſemi-ſpindle th there be taken 

that of the fruſtum, there will remain ap X aa —cX an ſor © 

the ſegment nac ſo that the rule is general. | 
Coroll. 3. When e coincides with o, e vaniſhes, and thi 

ſpindle becomes a ſphere; in which caſe the theorem alſo be- 

comes barely z pr, the ſame expreſſion as was beſore . 

for the ſurface of the ſphere. * . | 


Ha. - Alſo 


W MEN SURAT ION 


Whence (1. 3405 2) & 481. ugs. 34496 
=length of the arc Act, 

And ee e, x 6.28322 (1200 
459-41472) X 0.2832=749-58528 x 6.2832=470g.. 
794231296 5 wperficies required. 

2. What is the ſuperficial content of a circular 
ſpindle whoſe 7 8 is 48, and its middle diameter 


30 A 4387. 1644 


PROBLEM XVIII. 


To find the ſoli dig of a circular ſpindle, the length 4 
midd diamerer being ous: | 


RULES 


I, Find the area the enerating circular ſegment 
by problem the 1 2 the radius and central diſ · 
tance as in the e 

2. From 3 of the cube of half the length of the 
* fubtract the product of the * centr, gain 


* 


— 


„*«„* 


A — — — CO 


* Demon, Put ac, 7e radius, ve p23. 4¹35 
c. 
Then will the fluxion of the ſolid be =p# X na*—=px x 


(ao -c bK N- N Ni C 
fe * e ac x an); whole fluent is * * FAT 
* 


atom generated by ance. Aud. when * = At, we wy 


Jag — cX aceX 25 ſor the half N en n Ace 
x4 = whole ſpindle ADBC. * 4 


Coral. 


nd 


or SOLIDS. - SEES. "th 
and half the area of the 

this remainder W 7 12.5 n give -_ 
ſolidity. 


= 
» : 

© = 

K * 


4 74 1 ©. « 
"EXAMPLES. ' K x 


1. The longeſt diameter 4 » of the circular Kunde 
apBC 1548, and the middle I o 50 e. | 
the An of the Oe 1 


* 
2 v $4 . FEE o 


Here £27 Lena x7 (7 being the central diftance Ov 
a5 in the laſt prob.) = 168=area of the triangle 40. bo 


And 32.17248 (4 length ** arc 4c 1 by laſt prob. * 


N 25 (radius oc e 9 = W492 ear 8 
the ſeftor BCAO. | 


"Is | 7% ” 
X > „ * 1 


— — 


— 1 — — — 


Cerall. 1. It the fruſtum be taken from the half ſpindle there 
will remain px (A X A - NA - — 2c X ana) =p X"® 


(N a-, for the ſegment of the ſpindle 
twice Ad. 


Coroll. 2. When e coincides with o, c will vaniſh, and the 
theorem will become 4p x 0c3 = sÞ * 2 eke e 
ſolidity of the whole ſphere. 


Which theorems agres with thoſe before given, 
| H; 


f 1985 
% : 
9 L 


14 MEN'SURATIO * 
; MH e 1 = — area of the fegment 
AOBE. + | 


4nd C 636. — 13824 


63927) X 12. . ( : 
318.156 X 7) x 8 * (4608 — 2227 092) X 
0 the =2380. 908 X 12. 5664 = 29919.4422912 = 
re 
2. 17 the length of a circular ſpindle: be 40, and 
its middle diameter 30: wa is its ſolidity ? ci 


* Wan 


PROBLEM XIX. 


To find the folidity of the middle fruſtum of a circular 
ſpindle, the length of the fruſtum, ak _—_ diameter, 
ad that of auler "of the ends being given, 


R UL E.- 


1 Divide the ſquare of half the length of the 
fruſtum by half the difference of the mid2le diameter, 
and. that of either of the two ends; and half this 
notient added to £ of the ſaid difference will give 
the bit rhe en ede, 4] 
2. Find the central diſtance, and the revolving ares, 
as in the laſt problem. 
3. From the ſquare of the radius take the Ha. of 
the tentral diftance, and the ſquare root of the re- 


* give half the length of the CIs 


The demonſtration is contained in that of the un 
problem. 
The ſolidity of the emen cannot be found independent of 


the length of the ſpindle. e 
. ee 


4 | 1. From 


or SOLIDS © 135: 


4. From the- a of half the Mais of the ſpindle : 
take 3 of the ſquare of half the length of the fruſtum, 
and multiply the remainder into the ſaid half length. 

5. From this product take that of the generating 
area and central diſtance, and the remainder multi- 
plied by 6.28 8 will give the content of the fruſtum. 


«9+ i 7 - _ pry — 1 0 
0 rss 1 5 
„What is the ſolidity of the fruſtum a's Cb 


whoſe middle diametet um is 36, the diameter pA or. 
c 16, nnn e 


Pay — —16 _ 

Here I x (20* + 36 $3 + + EZ =} x/(460\ 

io) + 5= L x 40 4+5=20+ 1 of the + 

circle. „ 
Conſequently 25 — + nm = 25 SY 27 See. \ 

diſtance. 3 


And te g; S.. 2 = 19h, vage fe 3 and: 12538 oy 


40%. 111823 x50*=. 111823 X25008279-$575%: 
area of the ſegment pat. 
And 279.5575 + 3202 $99-5575 = generating area - 


er. 
H 6. El 1 


256 _ MENSURATION 


Axain „625 oy 2 — * 6=2 
={ reg of the 2 1 1 576 24, 


And (24 D895 5575 x7)x6. Mo 


(556 — 133-3) X 20 — 4196.9025) x 6.2832. = 
8853.334—4196 5906) x 6.2832 © 46564135 * 

5. 28 32229257. 2904 folidity reguired. 

2. The middle diameter of the fruſtum of a cit- 
cular ſpindle is 32, the diameter at the end 24, and 
. vor. 40: what is the ſolidity? _ 

Af. 27287. e cubic hk 


PROBLEM XxX. 
To "_ the” mY £ a Nr 


R U L E*-. | 
Multiply the ſquare of the revolving axe by the 
£xed axe, and this product again by .5236, and it 
will give the ſolidity required. 
Where note that Labs 10 * bol z. 14159. 
EXA 


- 


— 2 — - 9 24 


Demon. Let ac = a, px U Ar x, rn = y, and 
= 3.14159, Kc. | 


Then a: 52 :: xx — iEx (ar -.) =} by the 
property of the ellipſis. 2 £ 
And therefore the fluxion of the folid Ear == 
4 
| ba and its Avent Erben Fenn ä 
| | 9 | ö 1 4 


or SOLIDS) 17 


EXAMPLES. 


1. In the * ſpheroid ane, the dusbegdbe 
fixed axe AC is 90, and the conjugate or revolving + 
axe DB 1870; what 1s ern ii 


w 


: - 7 4 * 
,” ” * 
. 1 
* , | * 
1 * | % | 4 = 
of 5 - ” ® —_ 
| ' . % 
A — a 
1 
*. 4 U jj "WON 
We. wet 1 " HIM 04 
ee e 0 
1 n 7 4 — * 
. = 
a eee 


Here o * X a'& * 198725 wy X 9x .5236 = 
4900 * 90 X .5236=441000 X 543 =236907: 6= 
ſolidity required. 
2. What is the ſolidity of a prolate Coll whaſe 
. fixed axe is 100, and! its revolving axe 60. 

- Auf. 1884996. 
3. What is the ſolidity of an oblate ſpherpid,. whoſe - 
$xed axe is 60, and its revolving axe 100 ? 5 
_ 45. 11 88 


—_ 


* © —ñ 4 F * 
= 


_ — 


en! Sx 32 
nam. Which, when & == 4, hat: X leb. 


12 
e r 


* 
3 


6 152489 
If F be put =fixed-axe, r = revolving axe, 3 (f* wrt). 
, and p = 3.1415, &c, 
Then will prf ITI = ſurface of the oblate ſpheroid, 
o 722 


PRO. 


158) MENSURATION | 


PROBLEM XXI. 


7 find the content of the middle fruflum of a Feroid, 
ils length, the middle diameter, and 4 of either of the 


ends being given. 
| CA 9 1. 
When the CN are circular, or bee, in the revoly- 
ing axis, 
RULE. 


To twice the ſquare of the middle diameter add the - 
ſquare of the diameter of either of the ends, and this 
ſum multiplied by the length of the fruſtum, and the 
product again by. 2618, will * ſolidity. 


Where note * 2618 5 =>: eg 14159. 
2 140 EX A U- 


— * 


— — — — 4 


Demon. PT EIN „ = Tx =5, 1 no= * ro e. 


"re = 7; and þ = = 3.14159, _ ; has 
Then a : 52 : — 42: = x E- = =D = 
42 > WH ct 
y* by the property of the ellipfis. 


b2 „ (a* — c) 


422 


And alle a* : 42: : 2 


N BY a ＋ (b*—þz.) 
Whence, by ſubſtituting this value of a* in the former 


=; ra 


equation, we mall have y* =P e = FF 
nn, ö e 


- 5 o 9 g 
4 "Es » 4 
- [| 
| * 


— 


An r | 
, or SOL I DS. & 159 0 
| by ity Se \ $7: Þ —” ” 


© 


"EXAMPLES: 
1. In the middle fruſtum of a ſpheroid EFGH, + 


middle diameter vn is 50 inches, and that of either 
of the ends BF or G6 #4 40 inches, and its length nm 
18 inches: What is its ſolidu ß ?! wh 


| Lo 
\ * 8 
*. 


Here 0 2406 X 18 * 2518 = — (25 oo 
1600) X18 X.2618=(5000+ 1600) Xx 15, 2618 = 
6600 x 18 „ .2618 = 113800 * 2618 = n 84 
cubic inches, the anſwer. 

2. What is the ſolidity of the middle fruſtum of 4 
prolate ſpheroid, the middle diameter being 60, that 
of either of the two. ends 36, and the diſtance of the 


ends 80 ? CY —_ ene. 


the 


* ä * * = — m 


TI” 


And conſequently the fluxion of the ſolid 4 yi) = 8 | 

= x (633); the fluent of which is = u ˙ = „K 
— Pcb 

(35> — 52); which, when x =, becomes . =. 


24-42) * 
Pe x — + 52) EU. Q. E. D. N ; — 5 


160 MENSURATION 
3; What is the ſolidity of the middle fruſtum of an 


oblate ſpheroid, the middle diameter being 100, that 
of either of the ends 1 75 21. the diſtance of the ends 


36? - reins bo AE th 
b 0 eee erte Een, 
£2 140% 23! CASE 11. 15 1 
When the Far! are elliptical or Een cular to the res 
W . . 
48 i1 >: Wa L E. 


1. Multiply twice the tranſrerſt diameter of the 

middle ſection by its conjugate diameter, and to this 

product add the product of the en and conju- 
gate diameters of either of the + SE 

% 2. Mul- 


0 2 _ 
— — 7 


= 


5 * 


9 * pd 


*D Demon. Put 10 =) 1 =6, A =; 5 N 
res, and p ;. 14159, &c. 


2 
Then 4 : 62 2 — — * a) he by the * 


perty of the ellipfis. ; "7 Lite 34} | , 
7 ene enen is an lips fimilar t rn i will bea 


59 2 as is ſhewn by the writefs on Conics, 


But the fluxion of the ſolid A EY p is g * = 25+ x 
ry _pry*# 1 EN See * 42 - 
** SS = 3 * 2 Y fr X X * * And 


| a* — 1x2 4 
the fluent eds * Which, by ſubſtituting ſor 
n 32 
a*its value =>, becomes = prx x == —.— 55 
42. 1 ; 


* > « © - * + » 
= ©S * = % — - "I ' 
= 
s 4 
- * 8 . of 5 
9 5 
131 7 : * _ 
= 
* 


or 8$OEIDS. 161 


2, Multiply the ſum, thus found, by the diſtance ol 
the ends, or th height of the fruſtum, and the product 
again by We. and it will give the ſolidity required. 


EXAMPLES, 


In the middle fruſtum A5 p of an oblate 

ſp her6id, the diameters of the middle · ſection x are 
0 30; thoſe of the end ap 40 and 24; and its - 
height ne 18; what is the aa es 


Iere (50 M N 30440 24) X ge? UNION 
+950) x 18 X.2618 = 3960 X18 X ate 
2018818661. 10% dig required. 1 td ag 

2. In the middle fruſtum of a prolate ſpheroid, the 
diameters of the middle ſection are 100 and 60; thoſe 
of the end 80 and 48; and the length 36: v hat is | 
the ſolidity? _ 2 449288. . 5 


And this again, by purting a ⁊ for its equal 2 bees tn =: 
b 
12 


<—— 


- INN e E * D A. Or * en, ae 
+FarX2n) = middle fruſtum ABC. | n D. | | 
. 1 


166% MENSURATION | 


z. In the middle fruſtum of an oblate ſpheroid, 
the diameters of the middle ſection are 100 and 60: 
thoſe of the ead 60 and 36; and the length 80: what 
is the ſolidity of the fruſtum * 1ſ 2965 67.04. 


PROBLEM. XXII. 
To a5 10 folidity of the /e he gment 4 1 pee 


o 
When the baſe is parallel is the rtwolving ai. 


LY 
a 
R UL E.“ 


1. Divide the ſquare of the revolving axis by the 
ſquare of the fixed axe, and multiply the quotient by 
the difference between three times the fixed are and 
twice the height cf the ſegment. 5 be 

2. Multiply the product, thus found, by. the had 
of the height of the ſegment, and this produ again. 
by AT and it will give the ſolidity required. 


5. EXAMPLES. 


1. In the prolate ſpheroid pz D, the tranſverſe: 
axis 2 bo is 100, the conjugate ac 60, and the height 
vn of the ſegment EA 10: what is the ſolidity ? 


„ — 8 * —— 
* 9 n — — — » 22 — —_ 


* This rule is La from the theorem for the ſegment in 
the demonſtration to problem the 20th. | 2" 


8 % 
er SOLIDS. ?/ 153 


Here (>; X 300-10) * 10˙ * 5236 2. 36 „ 


280 X 105 X pO TRE * 100.5236=10080 X 
5236825277. 888 ſalidiiy required. 

2. The axes of a prolate ſpheroid are 30 and 30: 
what is the ſolidity of that ſegment whoſe height i is So 
and its baſe: perpendicular to the fixed: 5 ; 
| 59.740. 
3. The diameters of an oblate teln are 100 
and 60; what is the ſolidity of that ſegment who 
height is 12, and its * 1 to the conju- 


gate axe? 25 He Fo . 


— —— — at. aces 


CASE II. POPE 
When the baſei is perpendicular to the eee axit. 


* 4 A 
— _ a TT 


* 8 — rc — 
The content of the eggs may y alſo be found by the fol- | 
towing theorem 
(v ＋ 44%) x 4 nb = content of the W 5 being 
the diameter of the baſe, d = diameter in the ddle, 22 
height, and » = 7854 = — ie a cirele whoſe diameter is 1. 


27 "RULE, 


. / | 
16 MENSURATION 


R U L E.- 


1— Divide the fixed axe by the revolving axe, and 
multiply the quotient by the difference between three 
times the revolving axe and twice the height of the 
r 
2. Multiply the product, thus found, by the ſquare 

of the height of the ſegment, and this product again 
by. 5230, and it will give the ſolidity required. 
1. In the oblate ſpheroid ;az Ari the tranſverſe 


axe By is 100, the conjugate ab 60, and the height 
an, of the ſegment 4 4 D, 12: what is the ſolidit) ? 


— 


.4 


4 * 1 * li = 


Fs * —'T ASS _ 4 VT Y * * 
— 


* Demon, Put 2 e 1 % e =, dn f A 
e , and p = 3.141 %% Ke. Then will * 1111 
** | in _ : 7 $4448 
(=] or (za -t — 2 yy bythe property 


bf the ellipſe. 


And, ſince Ac is an ellipſe. ſimilar to zx e, it will be 

Jr 2 * 3 as is ſhewn by the writers on Conics, 
But the fluxion of the folid aa cv = 2 yzx = 272 * 

Ln btn tt * — ; whoſe fluent is = 


Deer 
n; which, when x =b = the height of the ſeg- 
a 34 | | 1 N 

A 1 : , 


. - 
13. 
573 
W => 


0 $7920 : $8 12 3 i „ 
ment, becomes (3b —43) — Whence, ſince ra, we Y 


— - 


ab #1 3319 $15 1 2305-47 ho lgg 8 T6 7 2 2. 
hall have (zu; — bi) x£ = ſolidity of the ſegment, 


QED. 


or 80L1 D'S. a | 165 


8 { \FREW -? 
. * 


— ol (SA of 3ab 100 * 6. EP, er 
_ 144 (fuer gf an) * 52362 2 : OLE 


X.c236=52X5X144X. 5236=260X144X 5236= 
53 * 52362 19603. 5 84 g ldity required. 

2. Required the content of the ſegment of 3 pro- 
late ſpheroid; its height being 6, and the axes 40 


and 24. A. en 


* 
1 


PROBLEM XXIII. 
To fond the jolidity of an elliptic pid. 


R U L E. F N 
1. From three times the ſquare of the middle dia- — 


meter take 4 times the ſquare of the diameter be- 
tween the middle and the end; and from 4 times 


this 


: 


3 


* Demon, Let FuUR=d, 0v= =b, the tranſverſe diameter 
e, Do=d, va=x, "and vc or a π 

Then, by the ae the ellipſe, c: 4: E 
Ir — x* 


11 


— N 
5 ei- Seo; hence cvoran= c0—0vz 


=b=y, and the fuxion of the c 75 . 
22 


165 MENSURATTLON 


this laſt diameter take 3 times the ſaid middle dla- 
meter; and 3 of the qudtient ariſing from dividing 
the former Gee by the latter will give the central 
Aiſtance. 

2. Find the axes of the ellipſis by problem the 2d, 
in conic ſections, and the area of the generating ſeg- 
ment by problem the gt). | 

3. Divide 3 times the area, thus found, by the 
length of the ſpindle, and from the quotient ſubwraR 

the middle diameter ; then multiply the remainder by . 
4 times the central diſtance, and ſubtract the Deda 
rom the ſquare of the middle diameter; and this 
difference multiplied. hy ꝓ of the length of the f indle, 
and the product again by 1 57979 wall give t e ſoli- 
. | 


EXAMPLES, F 


1. What is the. ſolidity of the elliptic ſpindle rr 
ob, whoſe length v G is 80, the middle diameter 
Dr 24, and the diameter ws at 4 of the length 


18. 99998" 


Here 
7 44. | 3 
3 c c 
wor — 
11 2 — — )—6 2 ure, and its flu - 


5 | x 34 — * | 
ent = pd x Xx — 2bp X area vand = loben 
) 202 


I». — 


pn mr. And when * 4 the above theorem will become 
a 22 | 
hw * al—2bp * area FIT r the half of the 

; | | | ſpindle, 


— 


% 


\ 


4 or SOLIDS. wy 167 


% r 


1 111 . 


red 218.9959 X4+-18; 894 2 
| e . 75.90370—72) x L 


= (285.37679167--3.96376) * I = 71.996 x + = 
17 1 18 2 for e diſtance o. agg 


And 18 + = 18 + 12= zog conjugate DO. "And 
39 Xx 30 ＋ 4/ 3O"'—18*=2 40 & 30 ＋ YES 


1200 = V576=T—=50=] tranſverſe. \ 


. 
— * * 


1 12 
41678” =p SS lab. ü for; the . 


circular ſegment to which is. 111823. 111823 & 100 

(4s) x 60 (pF) = 11.1823 X 60 = 670.938 gene- 

rating ſegment FTS. 2 
e e "Fin 


. 
P 2 * * EI as — IRR 7 = 71 A« K | ” "= W* 
— n PR AT” E „ of 4 $ "WD *” FF RF w- 2% „ a 


ſpindle. And if from che ſemi-ſpindle there be taken the 


fruſtum, there will remain di X 3 — 27 X area 


na = ſegment n, e being the height ra of the ſegment. 
But to convert theſe rules into thoſe given in the text, let 
*Dr d, nm d, gn, va =b, ov =c, the ſegment 
nDc=s, and n=.78 

Then, by the property of the ellipſe, (e 1) — (e 1710 
eee 13 hence 4 Cg 


Nie (e 41%, or e Fo : 


168 , MENSURATION 


 Whenee 24 «rh 2210 X 72 or 40v] = 


24 2 (25. 160175 —21x72)=24*=1. 160175 x72= 

24*—83.5326 =576—83.5326 = 492.4674 Aud 

492-4674 x F X 1.57079=13132.464 X1. $7079 

20628.3431 26 56=/olidity required. 

2. The length of an elliptic ſpindle is 40, the middle 
diameter 12; and the diameter at 4 of the length 

| 949549: what 1 15 the Jolidity?. af 2578. 56. 


PROBLEM XXIV. 


To find the folidity of the middle fruſtum of « an r elliptic 
ſhindle 4 the length, tho diameters of the middle and = 
and another parallel thereto at : F the length 2 of the 


fruſtum, * gien. 
RULE. * 


24. Bs From the ſum of 3 times the ſquare of the 
middle diameter and the ſquare of that 158 the end 


— 


——_ 


And te la wo theorems l * Fe 
f 25 Tags 
X (—DT AT 7 "we the fruſtum ne 


| and fol x (20% —2 x eng — D + -f for the 
Tam: 


ſe.ni-ſpiadle pre, where Ig and s area 5 F DU. 
XE. d. 
* The demonſtration of this 56 1 is contained i in tliat of the 
| laſt problem, 4 £4 
The ſolidity of a ſegment of an elliptic ſpinele cannot be 
found N of 255 axes of the 0 1 1 | 


or zenten 189 
take 4 times the e of the diameter between the 
middle and the end; and from 4 times the laſt dia- 
meter take the ſum of the leaſt Tee 3 — 4 
that of the middle, and ̃ of the quotient ariſin 
dividing tho former difference by the latter wi 1 
the central aiſtanct. 

2. Find the axes of the ellip lipſe by S 
and the area of the elliptical ee whale Vork 2 
the length of. the fruſtum by problem the n | 

z. Divide chree times the: area thus | by the 
length of the fruſtum, and-fram-the: quotient ſubtract 
the di fferenee between the middle . and that af 
the end, and multiply. che e by 8 tines the | 
central diſtance; \- MC. Abr 

4. Then from the fam of che f ate of the feaſt tia 
meter, and twice the ſquare of that in the middle, 
take the product al bound, and this difference Mul- | 


tiplied by the length, and the product een a 
261799. & Kc. wil LEO the an ase | 


=—— 


; 5 ) 07 PE Lv Les atzen | 
. 


1 What i is the "Rudy of the Rar A rp, | 
whoſe length, ae is 28, the middle diameter 5 0 2. 
the diameter A of the end wy 1120 * i at + .of 


the _— Itoh oils as $43 


an. 


*  MENSURATION | 
- 24 N 3＋ (2164 (23.409) 2 = 885 5 


4 234% — (aN / 93.83 
— 


2 Ep ens = | 
ONTO nn On 80 1 
. , - C39 


- And 2 12:46. 18. n= bee; Scentraldfnce on, 


4 „ i4(=an). Wen 
eee dg . 


| 420" "42 8 
8 — I ED gona tn. 
Ang RY = ag tab. verſed fine; and,003748 
= Bla ogra fo 02; "4, 003748 100 
Kr $160, (SI 22.488 W of 
: wwhich 46 O ii ib arc. ee Has: 


Whenet g NC. 60 —— e A AN 


ofbcand ar); X8X18=1 152+ 466. 5 (2.4094—2.4 
1440 2161 $50. 9094 x 1441618, $01. 3536 
- e=1617.2064- 

* 6 .d das (Sah X 6179 4281770 
 ix4261799=11854-7245127808= folrdity required.” 

25 In the middle fraſtum of an elliptic le, the 
middle diameter 1s 32, the diameter at end 24, 
and the diameter at Fof the length 30.157 56, and the 


* 40: require wore ty tf 27419.8219, 


PROBLEM xxv. 
To find 7 the Alan 4 a parabolic conoid. 


_ RULE. 


% "90 LIDS': 4p 


3 nE * ds 


Multiplyithe.area.of the baſe by 14 tho ale, 


A 


K .; 


AK 4 11. 4 


1. What! is the ſolidity of the 8 A 5 


whoſe height Dm 1s 84, — drab gags! » A of ins 
brech blo 48? | 


„ Demon, Let eee e E 1 


3.14159, &c. 
Then by the nature of the parabels 41 be bl * *, or 
Seu. wherefors L (A) = = the Novick. of 


1 


the oli, ang Er- =. its fluent; which, when . *, 4 


comes = a, is & þ a 4+ for the whole ſolid, or for any 
whoſe es a, and the radius of its baſe = 5. Q. E. 


Coroll, The parabolic canoid is = + its circumferibing 
OI 24 


Mete. The rule given above WilY-hibld Tor any ſegment bf 


the paraboloid, whether the baſe men or gow 
to the axe of the ſolid, 


«> 
* 
12 e FM 
1 . 


— 
* 


4% MENSURATIO&R 
Here 8* x. $420 43 (={ LoxfeX 2304 X JB54X42 
„ =ilog-F0aR 42=76001.58 72=ſolidity required. | 
2. What is the ſolidity of a paraboloid, whoſe 
height is 60, and the diameter of its circular baſe 
100? A 235620, 
3. quired the folidity of a parabolic. concid, 
whoſe height is 30, and the diameter of its baſe 49? 
. 1884.6. 
4. Required the folidity of a parabolic conoid, 


atk height is 9 880 Waser of its baſe 100? 
| Anſe. 120350, 


— * 
be | k. 2 


PROBLEM: XXVI. 


7 the the fruftum aarabehid, 
ECL OE 4 


R UL E 


| ' Multiply the ſum of the ſquares of ahi diameters of 
' the two ends by the height of the fruſtum, and the 


product again by. 3927, and it will give the apa 


—_—— A. dre it — _ 
„ 


| ode. 1 Ho n 41 * L 1 1 * FF.” 
9 * 1 wk, 


— 


| eee eee | 
is =& a n, and that whoſe baſe is ô and altitude « is = & ab, 
by the laſt problem: whercfore the fruſtum, or the difference 


br bee js 14281. But 2— 5: 4—4 (4) :: 
1 -; = ib: 1a ==> by the nature 
| eee A PALE — 4 being ſub- 
due for den wilt mans { an —} ab = 2 = = 14 x 
ni which is the ſame as the rule. QUE. D, 
YG b 5 


S XA M- 


0 801T1DS. e 177 


tüte 5 . 


ehen parabolic 7 
r'end being 59, © 
9 8 10 18. 


r. Required the 
4B; d, the diameter a * 
that 49 6 dc 5, 


Here (8 35 N22. er MY 
* .3927 = 4264 x19 X 3927 $70752X +3 3997 
30140.5104 = re 

2. What is the ſolidity of the fue 0 
lic eonoid, the diameter of the greater end bag s 60, 
2232 and the diſtance of the ea 


1 


= : * 2 
* 4 9 


-. 186 *ROBLEM. un. Fe 


Nov 


Fe fad the Slidly ya prac ine be: 


ory. 
„ Wh: e 
Multi ply the ſquare of the middle LEES 


length of the ſpmdle, and the product again. by | 
413879, and i it will Rees the ſolidity.” 24 


- „ 
- E 14 


7 - . 1 * 0 . - * 1 * 
a. Mi. _ Ex RE * Lil #4 lt. th "oO : g 4 a 1 


* Demon, Put bo =a, l, ue ge. a n=x; 
. and 7 =y, 
133 1 Then 


n e 5 


KAN: 8 


174 MENSURATION 


EXAMPLES, 


Here Wann X60 x-418879= 
69360 .418879=2905 3.44744 =/olidity required. 


2. The length of a parabolic ſpindle is feet, and 
the n 3 feet: what is the lidiry?. 


5 Le 33-929198 
* | 2 3 . | 

[Thin it will 6 by th property ofthe ben, 57 1211 
1 (NK) 4 .X WE = = 2 =Y3 which, by 
potting þ ==> ( = paramier of Dj) nn >, ; 
and hence | the fluxion of the fold = — * = N 2 —F 23 


n 24 bet x 


preffion for the ſegment ai; and therefore * x=b, we 


tall ang = ee = bn binde ne, dx 
nes hp,, © 


© * 


oo 12 N * * 1 * , 
®, <4 . , 
„ PR O- 


2 


n eee dy 
N 1 7 Eu: bin O vt 45 bis a1 3 1932014 bh © +4 
PROBLEM We e 
* the 1 7 2 middle "wh a parabolic 
N 1 LE po bY 
Add 8 times de f uare of 85 Nu diameter, 
3 times the ſquare of Aale , and 4 times the product 4 
of thoſe diameters intd one fm; they. this ſam hemng 
multiplied-by the length, and che product again b 
5236 eee o N mu 3£529 x, OF 
„* NN Wen 
r „e via xe; at Hin po ,S«- 
1. In the midille ſruſtum #7147 /6fi the parabolic: 
ſpindle a © 2 ee D AT the 


ſpind 


* Px — * : 4 2 3 3 4 _—_ 4 
Demon. ler ee, and the other letters as in 5. <a 
we laſt problem. #1 LIE OAT ; ex 8 


Then if dem hs vale. of. the. bent h- fg ther by 
ken 61 ID E the yalye of the ſegment xa 5 


35/63 "$4343.30 44 jo 3 1 
Paz Nc 1.4) = the value of the fruſtum pz» cz and 


inſtead of & there be ſubſtituted its value þ "2 — neee 


her will romain f e e (3G 


1 
of the ſaid nahm n be dend n e 8 
Er+3zp* =——_ — * 0 And. 8 1 e Jo 2 We 


bo . Ty and conſequently 9m X 30597688968 P4reX". 


£30, 2D , 260", 3" AN 


„he gabs QzE.D.,. vu a, & Mean e 
T4 5 | diameter 


0 


% 


* 


s  MENSURATION 
diameter of the end ry ee 


enen, 83 8 


Die en Z Fo a4 $1 1 3 1 C | 
eee a6 06236 
_ = (10468 + 1200+ 2880) x 36 x.05236 = 14448 x6 
36 N. 05236 = 520128 * . 0 27233.90228 =: 
required. | 


2, Arve the ſolidity of the middle fruſtum of 
lic ſpindle, the middle diameter being *. the 


— the end 24, e er N | 
* 7910448. 


$48.4 . W — — — rr 


r bs 1 4 br 
een „i es 821 Seer N N. 


- PROBLEM. XXIX,-' __ 
bude m. 


e R uvL Ek. £255 $0 ene 


Tate Spee of the dls 56 thi baſe o 
hem of the middle er N between the baſe and 


. * Tg : . ; 
£24 317 Di d r e 
- A 4 5 — b 
11 1 - - > + / * . : 4 „ 4 1 
o — 1 » 4 123 « . . : ” #4 ” . 
& «© % 7 . * LF * Po — 'F 3 W * 2 * w ; S * 15386 — my + * xr ' = ** 0 - . * 
1 Pw" IR py — 


—— — 8 


wm * e e e eee Mtn 
of the generating hyperbola, p = 3.141 59, y, v, the ordi- 
nates, or ſemi- diameters of the ends of any fruſtum of the 
loid, x = its altitude, and a diſtance of the leſs 


* 


nyperbo 
ee der be we e e i. er 
r * SY 4 > F "Then, 


or 80LI DS. 77 


the vertex ; and this ſum multiplied by the altitude, 
and the e _ by 5236 will give the —_— 


kd de. At „— At — 


— "- 1 


eee, 


Then 429 2 . 


fluxion of the folid = =p x = 2. 
at+Aa*+ax Tier E, 
- | 


72 FX 2 70 
and this, by ſubſtituting = - we 2 204 A for 


: 


==, andits luent= p * 


g tx beh. X Ips = — 5 


2 -— 
ſolidity of the fruſtum. 

Aut- 60 ee ene Gerad ven in the text, let 
5, J, d, be the greateſt, middle, and diameters, x = 
abſciſſa whoſe ordinate is 3, and a altitude, "Thea we ſhall 
have theſe three equations : | | a 


e* 3% D e 7 
an . t T F 
Dl >> xi+x+1laxx+53e 

From the ſam of the two latter of which ſubtraR the double- 


of the former, and there will reſult * x0 0® — 2 + * = 
2.2 ws 
en; nnd hence r = 5 = n 


77 1 1 
2 5 
fitured for it ia the theorem above will g 3 


x. 


4p for the content of the fruſtum z which is the ſame ag the Ky 


following rule given in the text. © 

And if d the leaſt diameter be fuproted is ball nistet) 
2 2 

tittle, or nothing, the rule will become TIO 


* X 4 X +5236, Z. D. A A+ 2 a 
hls 15 N 


#5 ME NSURAT ION 
EXAMPLES. | 
1. In the hyperboloid ac, the altitude c 7 is 10, 


the radius ar of the baſe 12, and the middle diameter 
* 87 8745 * W's 18 the ſolidity ? * 


BY þ Lak HO | Bt i ht WORE | Eee 
Here 15.87 45 ＋ 12* X10.525622251:99975 +144 
X10 .5236= 395 98 -5230= 3959 9975 
X. 523682073. 4559691 = /ſolidity re 

2. In an hyperboloid the altitude is 50, "_ radius 
of the baſe 52, and the middle diameter 68; what is 


N e d i 6 4. 191847. 


= * - 


'FROBLEM. XXX. 6 | 
e, of the. fruftum of as perl 


* 


. —— * — mm -» - « » 


RULE E 


” Has togetlier the ſquares of the greateſt and leaf 
W and the N of the whole n 


= * = $ 4 
* . ® + . - «6 | Ad 4 


-#: The dementration . 
Y "nft-problem, | 


2 L The 


er SOLID | og 
in the middle, then this ſum being multiphed 6y the 
altitude, and the e by 75 50 gire 


the ſolidity. ei 
n hal 
„ ' = mXAMPLES < 67 £ W ; 
1. In e fruſtum ap £ 2 9 1 9 0 
is 20, the diameter. a n of the greater e „ that, 
pc of the leſſeg end 24, and the middle — 
nee 
30637 71 nes 3 dra 


$13 «W } 19:21 Jihad 
4.14 eee 


* 

. n 1 — 8 4 23 
75 37 4 1 * "* — I bc alodrvycd 
das 11269 Ae \ =>; 8282 93 R212 10 
i 41a 3, 122307 3 Wt, 263.4 


a r "x ug 4 
| Thc ab er be eas 
the clfiptſe ſpindle; Page 77 f. 4: "res Fg or, 


Or, if „ = middle Aut PE eee 
s = generating area of the hyperbola, r == length of the. 


SHOT hh on be ao pon pes. 
Tben will (y S Ko Dm 0 4 $2.2 dy 


of the Tpindl6, * ee pleat | 


then will (3990 EL x 3 Nermmeen e 


And, E e the fruſturn, 5 r generatin 
and the other letters as * then will Tae 


- 4 3b - 4s os by 1 . 
==] nap Xp +40) beladene. 
8 of an hyperbolic. ſpindle... - 
But if the generating ee be equilateral, the fruſtuin 
0G | 
nillbe= (2 6=P+5 x —— — — * I 


16 h Here 


180 * ENSURAT LQ N 


Here a6 42254 28.1708*): * 20K. C23 9er {256 
 +144+793-$939)-X 20. 5239221193593 * 20 
5239 = 23871.878 X 329 = 12499-07 
folidity required „ 
the ſolidity of the fruſtum of 
| per Bg del, whoſe greater diameter is Go by 
ess bg the rmiddje dz diamerer 76: 4264392, and 
the alti | vat to rome A 116160.66. 
=; $6 Required the lolidity vr TY fritom of an hy- 
lic conoid, the Keighr being 12, the greateſt 
diameter 10, the leaſt diameter b, and the middle 
diameter 81? 37 Anſ. 667.59. 
4. What is the c ef the Nille fruflum of an 
| hyperbolic ſpindles. the length being 20, the middle 
reateſt * 16, the 1 each end 12, 


and the diameter at f oc th length. 144 ? 


FF 

ntent egment of any 
1 inde, its length 1 — 10, ihe greateſt diameter 8, 
224 ee e 6 5.1145 A 272-272. 
% 19, 123099 22> 4 £496 ces ppt Hh ptr an => 2 


— — 
— * 7 


Note. The content is oe pa Reg ty e 
«ln cole ſection about its ae Df Ps PIPES, 
. ; 

Add together the ſquares of the greateſt and' leaft diameters, 
and the ſquare - of double the diameter in' the middle between 
the tw, and this fam multiplied dy png: IRENE | 
again by. i 309 will give the ſolidity. 

And the rule will never deviate much fm 4 tuch when. 
mmm 

; 24,45 68 Io men 


1 6 N ” = l — 5 7 . * 
71 * 93 2% # „ 1241 1 $434 * 22 B45 34 34 4 
1 1 


- * ry Eg : 4 _ 
* Ld J % of [ t 
— * 4 ls - wa * , 3 
N 1 ” 
- 


A 
1 * 


Nennen een 181 


— 


* » | ” 
er THE 


3 
W ep %' 
- - - 2 


REGULAR BO DIES. 


4 


A 2 BODY 18 2 ſolid 3 under a cer- 
tain number of ſimilar and equal plane figures. 
The whole number of regular bodies which can 
poſſibly be formed is ive. | 
1. The Terruemron, or regular pyramid, which has 
four triangular faces. 
2. The Hexardron, or cube, which has fix ſquare 
3. The Oe, which his eight triangular faces: 
4- The Dodecaedron, which has webe n 


288 The Teoſacdron, which has. twenty ciangular 


If the follow ing bgures a made 6f; paſteboatd, and 
the lines be cut through, is that the parts may 
be turned up and glued rogether, they will — 
the five regular bodies n e 


- 7 : 2 . . n% Lei | | 


144 14 * 


162  REGULA#: BODIES. 


LI PROBLEM Sas D 

0 34 ——— — 
XU. E. : 

Ag 11 of the cube of the fincar TY 511 


rn 199 of A the e Mus e 
167, Wh 787,00 neee . n M2 


2 
1 {? * * 0 
65. * 
> F 
Seen 2 


n 


1 a. Ss IG #44. 5300. dod 169472 7% . 2245 
Denon. From one angle c of the totracdion...a m ©, 
let fall the perpendicular n fide, and 


draw Ae. 

Then ac*—ae*=te*; and fince the n 
diſtant from the three angles 4, 1 and 1 4e = 
(140 4%, as is ſhewn in the demonſtration of the rule 


for regular polygons page 33. Conſequently a & + AN 
aAc> = e, or ce = Ac . But the area of the tri. 


* ann 2 A1 7 Nm therefore + 
Ac ie Renee =7s * 2. 

2 n D. 
If 


 REGOPAR! BODEES _ wh 


| Ex AUD LES 


1. The. laber fde of the tatraodren Ae is: 
what i 15 the {olidity ? | 2 $5 „Lit wol 51062414 


faire —— ; 

2. Omg the ody of a eden A8 40 
100 e oben „ 0 ili K . 
"A "PROBLEM S. 


ad fa ohegdren. 
«> Wis IV RU L B. L R 'aD | 
: of the cube of the linear fide 2 
f 2, „are ner. 


n 
a1 * — 1 8 * 
» * 34T\Y - ** ae i 0 & 12 N 


— c — — 
Denn. ict! 1 4 

1 Erbes che lincar ea then will . v/ 32 
me ſurface een "pe 

The rule for the hexaedron, or cabs, bas des give 

r Fond * e x of the odtrdron D704 let 
fall the perpendicular pe. '2 

; - Then, 


REGULAR; BODIES. 
1 rs | 


1. What is the ſolidity: Wann Fe 
whoſe linear ide is 4 „ 709 


5 | | | * \ SP « "4 
4 3: _ — — ** 
Ex 4 21.335, be. X./2= 


3 3 
5 &c. N 1. 462, &c. S 30:16486'= folidity re- 


7M +, Route ll ofa fate hc 5s 
| N10 . 43. 3508. 
PROBLEM III. 

Fo fad te Mii fe 
PET EY STS I WY" — 


Tben fitice the ſolid is compoſed of two equal Mus 

, each of whoſe baſes vc are equal to the ſquare 

of the linear 6de a's or av, we dn have ff 
De= antx +ve = content of the ſolid. - hb 

But pe evidently biſects the diagonal x 4, and is equal to 

re; therefor” 4 N De 2X4 re =; an>xX'+; 


rFa=ianx Van e Fas v 2a = F468 


. 2 
9 


= AM. Ms —— 


2. Q.E. D. hep will 25 * 
F $18 / 3 = rſs 
the oRaedron, 


4 


RULE. 


— 
* 


REGULAR 'BODTwsi | % 


RULES. 


To 21 ns Gn tr ads 

divide the ſum by 40; then the ſquare root of the 
uotient bein multiplied by 5 times the cube of the 
linear fide wi ater” f.1 ates e 


18 „ * 804 AIXAM. 


* - Sy i : 
* 


5 D Let 4 hen ſolid Bag 
of the dodecaedron, and 4 a per- 
pendicalar falling on the equila tea 
plane 2 „r. n points at 
5, c and c, 1. > 5 

Then the angle Da x contains 108 
degrees, whoſe'finois 4 J10+24 5, 
and the angle ar » contains '46 * 27 5 
degrees, whoſe fine. is þ „ic , the radius in n Nen 


cafes being taken'equal to z. | r 
| Therefore, by Trigonomet!y, | eee -- 


2 * 


114157 e = — x, l 


Again, fince « jy the centre of pn x, the angles cv nnd Af 
are each 309, and the angle dcy = 120; but the ſine of 30 is. 
1; and the fine of 220? hν,ẽ ue . 


147%%⁰j,,jß Sn 24a 1 and conſequently, 6 


v3 243 3. L's * x 
Ws X 4 3 — > bay "SOLD. | 
ac op! x 2 A 12 A. * 

hut a perpendicular from s upon the E | 
through the center of the circumſcribin 75, Tt and 72 yer | 


an 


be the verſed fine of an arc whoſe chor a , and 
equal to that of the fald pe. | . 
* 1%; 4 3 "4; 540 * 4 r | a 


— 2 — — 
Whenes ac 3.4 :1 aD 3 Tf DN De 


8 


\ 
* - 


/ 


/ 


— 


= ur Ad. 


n Theifinegr fide of the doderaedron- neu is 
J: Shoes bye prog 0 


2 
2 n 1 4 4 Au —_- 4 
9 21 447% bg * £2 # 74 $286. * — 1 i *. TT, EET 
# : S 4 24 „ 934 N 1 2 


Vs. _ 22 demea ofthe circunſeridin ſphere, and «> 


'S+ 


x =. 3 » = radius of be circumſcribing ger 


Again, the angle Fon contains 729, | whoſe fine is 4 
erz and the angle is 54%," whoſe fine is: 


. 2 whence, by trigonometry, þ Je 8. 1 | 


11 an Fekter Sl D „.. 
. 


S 
But. fince the radius of the diate ſpticre is the 


hypothenufe of arright-angled triangle, whoſe two legs are oy 
and the radius "of the inſcribed ſphere, we we fall hive 


ve P=ortt Vito r+ v1 Wert=T+ {of $09f) naw 
iS. «FF FFV =radjuvofthhinſoribed pete, | 
"pa the ſolid is compoſed of 12 equal pentagonal 
pee, each of whoſe baſes are, by problem the 8th, = = 


— — 604 
Seife e I ini 


— 
hog , FEELS, 27 
54 unt 7 | * a 1 * ; rh 4 


bt ana of th dodecaedron. QF. v. 


If x. bo put for de linear Ge, then will 156 v 


= -ſurfacs of the dodecaedron, 6 
* % [ ; | | | | a 21 


E. 


— * 
e 


13s 


Qt 1112 * 95 \ | PR 


REGULARy B ODDES 
n Yo 5 3 ve hai 


3 


. * 
THEE 44 Very 4 "3.4 
4 5 % LI" oO „ s — 9 * 1 
7 ! F/ [ i C ts $28 AT a 
x 4. * 7 99 * 3 — 
* n 14 ill 1 IF? 
— * 
. 
J 
, . 
„ —_— 
1 & : 


CY * 1 * 
18 * * ” 


214/5+47 | | 21 X X£ 4308 +47 
— X 2 X 
3 7 3 v 


X27X58 ESE +47, * 1 = 106901 hh 


* — 
lity reguired. 
2. The linear dad of a dodlraaon is 1; what is 
the ſolidity? „ Af. 7.6631. 
| PROBLEM IV. | 
, the falidityfof an ito, aH ss. 
* ren ES 
— add 7, and divide 
the ſum hong on the. n of al n 


AM 18 
* Demon. Let a be a ſolid TS 4 en e 


the icoſaedron,, formed by 5 faces, or 4 N bei 
triangles, whole baſes make the gen- WB A EET 
tagon 1 C . p mg. oe {2 Bn. 
Then, ita perpendicular bedemitted , 


from a upon the pentagonal plane 
n D E m, it will fall into the centre , 


and Be, by the demonſtration of the B / We : 
laft problem, willhe=an y Da = 
1. Dre 
and the radius of 'the ects —.—— C | 
{cribing one of the faces anc 14 f. ; 
we : II 9 Now 


16 Aebi bobBiks Ed 


being multi plied of the cube of the linea fid 
will give the 1 fact 


That is 5 8? * * 9 =ſolidity BI voz 
to the linear fide. EDT 


4 N 
ur 
| The linear fde of the jeolgedron ABCDEP is 
32 i de ch, 3 

rer 4 8 N 423%7 


awe . ks > 29 ** * * 2 
5 * * 


" £ . " 
. 2 1 — % + 4&4 + , . 
k - = 
= 
- 4 f 
1 * ta 1 
, . 4 & meiner * 0 1 0 
* A — 
W „ | — ; N a 4 $ 3 
— L * >. > , on f Ss 
, * A 
2 Y 1 * 
, : 1 
| it ; | 4 
- 7 
* * * a 
' 92 * 
* g 
* = 
1 * * * . 
a3 


= by 


* . 4 @* » "> Aa 1 1 
0 =_ I . Fl *- * , as . oy l : * 1 

. * * * bd . 

\ z 3 9 > 

. . * 274 : 
: „ * 

9 N 
, * 


— — 
: "But! the | radius of — 7580 ** n= 
na * 42 + / L 
— = | 
D 
problem. [2 55 bite 1 4 „eh 

And, bes » is the byportienfe'of "a right ange Mantle, 
one of whole legs/is 4 4 v/ 5, the radius of the circle: Cir. 
cumferjbing the face a n d, and the other 7, the radius of the 


inſeribed me we ſhall have 7 n 


FILL 2 En ps 2, CLE 


But the ſolid  compott of 20 qu ant mean 
each of whole baſe are = 5 of 3 by problem 8; there- | 


N 1 — * 
72 * # : 1 1 » AM c [4+ 2 
., « * 
— 


"IG, | . 
23. * 1 * * 


REGULAR BODIES. ifg 


w5t2: 5X3 _ , 3X 223606 + 2 x 

S r =; 2 | 
= v ent 7 x 5 X <2 = ESD .0818 1 35 
= +/7.0409.X 22.522 2.65 x: 22.5= 95.625 =/olidity 
required. | 

2. Required the folidity of an icoſaedron, whoſe 
linear 1 1s 1 7 e N n, 


41 


* - , : a , - "Y 
3 = Y C 1 ft *g ﬀ . * — * 2 % © 
15 4 „ * wy i . : 


mt 


ans | 


f X r= av * 22 


13 „ = fog of the Ste QE. b. - 


If x. be put far che linear ide, then will z. S ſarfacs 
of the icoſaedron, | 


Note. The ſuperficies nd ſolidiry of wy of the 5 regular 
bodies may be found as follows. _ 


Roxx. . enen t ths 
linear edge, and the product will be the ſuperficies. _ 


2. Multiply the tabular ſolidity by the cube of the linear 
Wm PIETY 


a Solidities of the Regular bodies.” FA: 


Nerf 
Sides. 


45 z Surfaces: | Senates. 
' — — ' 

|. 2.73205 | | . 0.21785 

_ 6.00000 | 1-00000 & 
3-46410 | 0.47140 th 
RY 5-15: 7.66422 * > > 


4 * 
8.6602 14.187 : 
Si " on" 5 S's 
; w 
4 1 . 1 . * N L 
* 


- 
” 
* e 2 + * * 
, a I . 2 * 'S g : 
— 


CYLINDRIC RINGS 


«331 KY 


9 on * b * - | * - T3 * © iS x þ 
— . 0 * N 1 . = 4 1 * 18 boot Af 4 
* 


8 "PROBLEM I. | 
. To pegs the convex r ſuperficies of a oh ray 8 


— _ * . 
9 . * % - * 14 "IE. 
. : 


Nb 3 

o the thickneſs of tlie ung add the inner dia- 
I. meter, and chis ſum being multiplied, by the 
thickneſs, and the produtt * by RR wall give 
the ſuperficies e Fae) od" 


1 
2. 
8 —_— 9 - #3 FB © 
, > CH 439Hd:5 SY 89 4 > #23 7.2 


un To pwn 2% f. FRAY Be thy" 
1. The thickneſs of ae of a cylindric ns is 3 


inches, and the inner diameter cd 12 inches . ons I 
the convex 9 152 ; 


Pg 


s 
ce md 

2 4 EA 2 4a Yi. Mates. 
— —— nne 


* 


-Þ A 4 ring of this Hind is. ooly1 bebt . 
therefore the rules for obtaiping its ſuperficies, or ſolidity, are 


the Tame as thoſe Already given. For let Ac be any ſection of 
| the ſolid perpendicular to its axis on, and then Ac X 3.14759, 
ke = = circumference of that ſeQion, and c + ed (on) x 
3.14159, Kc. = length of the axis 0n,, .- . 

| Wnence AcX 414159, Kc. XA < TK 3.74739, c. = 
AcÞcdXAcX 3.14159, Kc. AT Te Tx a exg-86g6, ae 
= ſuperficies n 35 


— 


12+ 12 J z * 3 * 31888 * px 9.8696==4 X 
9.8696=444-132 =2/uperficie? required. 4 

2. The thickneſs of a cylindric ring is 4 Inches, 
and the inner diameter 187" what is the convex ſuper- 
ficies? © , 868. 52 fquare inches. 
3. The thickneſs of a cylindric ring is 2 inches, 
and the inner diameter 18: what is the convex ſuper- 
ſciea? Nut | A. 394-785 ſquare incher. 


O * 
* - 


PROBLEM. . 
"To 4 the Mlidiry of a De ring. 


RULE.» 


To the thickneſs of the ring add the flanks tt. 
meter, and this ſum being multi altiSlied by the ſquare of 
half the thickneſs, and the pr uct ak by 9. . 
me the ane 


93 ung * - \ ” 'S 15 
. di. je nn a. AM tt . « iS * —_ 28 * _— —_— kf. w=Y as 
| Wha —- eee are, 
- „ . 


* 


— + 


Deen. Ae x Soak AK. A Aer, c. — 


{act x 3.141 59, Kc. 2 are of ths ation x3 and FTE 72 
ä (on) x 3.24 Ur: = length of the ai mn. 


Therefore a c+c 4X FAG X 3+ a Ace 


N 9.8698. E. D. ; * 
K * A M- 


2a CYLINDRIC- RINGS 


- . 
n . 


ee 
1. What is the ſolidi of an anchor ring, whoſe 


inner diameter is B44 hes, and thickneſs in metal 
3 inches ? . 


 BFIXD x9: 86565. 11 K 1.5 9.869611 x 
2.25 K 98696=24:75 x 8 e ima 

5 required. r 
2. The inner 1 of e is 18 
inches, and its . 4 inches - what is the ſoli- 
. Auſ. 868.5 248. 
4s Required the folidiry ofa in ring, whoſe 
thickneſs 15 2 inches, and its inner diameter 12. 
A, 138.174. 
4. What is the ſolidity of a cylindric ring, whoſe 


thickneſs is "Wy" n and inner diameter 26? 
Fa 221. 789.568. 


ä —_ 


We. ꝙ— a. od - 


This figure being only a cylinder bent round into a ring, its 
_ furface and ſolidity may alſo-be found as in the cylinder, namely, 
+ by. multiplying. the axis or length of the cylinder by the cir- 
cumference of the ring, or ſection, for the ge, and by the 
area of a ſection for the ſolidity. 

Thus, if c =circumference of the ring, or ſeQion, 2 
of that ſection, and /= length of the axis: then will c/= 
face of the ring, and a / to its ſolidity. Which rules are 
ſame as for the cylinder, nd my do eutity. cooverndinge thots | 
given in the text. | 

"Theſe rules are indeed fo obrious, as to render any cen. 


De, POW. 1 22 


— 


„ nt oY 


* * 
7 * * : - 
of a ,- - 1 : Is * 7 F 
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[ 193 | Bok + 


TH fun 


WEIGHT 45 DIMENSIONS | 9 4 


o 1 3 "> 


- wow, 


2 ALLS ans SHELLL, 


Tis weight nad Aimenſions of any ball or ſhell 
being had from experiments, the weight and 


dimenſions 97 any other or ſhell, of the ſame 
kind, wy be found by the following rules. 


PROBLEM I. 
. C to find its 
weight, * 
RUL 5. · 


Take 4 of the cube. of the diameter, and 2 2 of that 
eighth, and the ſum will * the "gut required i in 


pounds, exadh. | 
EXAM- 


— 
—_ 


75 

Nika The weight of an iron ſhot whoſe diameter is 
4 inches is gibs; and as globes are as the. cubes of their dia-. 
meters, therefore 43 : glbs. : : v3 (Gt __ = D) x 


þ 33 
4 = n But 5 4 —+— . 


- 


Wherefore the weight required is — 55 + = of Ts. a 


a 5 QE. b. 
K 8 | Rule 


194 BALLS as SHELLS. 


1. The Sumonerofan iro hau, rene What 
W FEOGREEY ee 


. 3 IJ 
it * 
* f i 
8 . 4 
2. The Hawneter of an iron ſhot is 6.7 Hebes! 
what i 1s its weight ? i: 42:294/bs. 


\ PROBLEM II. 


. 
. 


 —_ : EAMES 


» 


— as * * 7 = 


»⸗,ů — „ 


Rule by Legarithms. To 3 times the log, of the * 
dds. 148062 3, and the ſum is the logarithm of the weight 


— 
— „ 


9 a 0 . | RULE. - | 


— 


” 2 * 


BALLS anD SHELLS. 195 


PHELF AUE 
Take 4 of the cube of the diameter, and from i it 
ſubtract 4 of this third, and. the remainder is ' the 
weight required, nearly, . 
ExXAMPLEsS, 
1. What is the weight of A leaden ball, whoſe 
en is 3.3 inches ? Ys 
"7004 dt 0 3˙3 
3 


a 3% 
K 


3267 
3267 


3) 35-937 


311.979 
3.993 


7. 2 Weight, nearly. | | 


: 


0 m leaden bal, of 44 inches diameter, js 


IF: 
. 4. I 1; — 
8 therefore 4.253 17/bs. Ws, an tw nh 


lH 


Degen 


17 


Rule by Logarithms. To 3 times the his” of the diameter, 
add—1.3452821, and the ſum will be the logarithm” of the 
Weight in . exatly. - 


9 * hy, (: 9 4d : ) & + l 


* 


I 2. What 


9 BALLS axp SHELLS. 
2. What i is the weight of a leaden ball whoſe dia- 
meter is 5. 24 ne; ; | 1 OW nearh, 


PROBLEM II. | 
The weight of an iron ball being given, „ fled the | 
diameter. 
R UL b. 


Multi ply the weight by 7, and to the produ add 
ge the weight, and the cube root of 1 ſum will 
the diameter in inches. 8 | 


EXAMPLES. 


I. The weight of an iron balls 241bs. what is the 
diameter ? 


24 
7 


| 168 | 
3 of 24 = 2,666 


170.666 


* Demon. By problem I. —— p3 = weight = 9 there- 
64, , b 63 4 


tore 8 DN. 
und conſequently Þ'= 7w . Q. P. 
The Rule by Logarithms, © To the leg. of the weight in 
pounds, add o. 5519375, ard 3 of the ſum will be the loga- 
-rithm of the diameter in inches. 


The cube root in een gau may e 
. N £54 2 


BALLS anv SHELLS. 197 
+ Let the Juppoſed root be 5, cata 125 then 


125 170,666 
$: 57 2 
250 | 341-332 
150.004 W OI a 
420.666 8 7 NOS + 
| 5 


666)2331 650 54 1 = cube- oer. of 
= 2103330 2 170.666, * hy 


ä 


' 2283300 _ 
| TONY 8 . 
e 
664 
MS, s "Ss 
2. The weight of an iron ball is 121bs. what is the. 
diameter : | Auſ. 4.403 inches. 


PROBLEM IV. 
Having the weight. of a Spells ball given, to find its 


diameter. 


—_— a r du —_— 8 me" * F 


2 ICS — 


+ The = bere uſed for extrafting the cube root is as 
fellows : . 

Find a root nearly equal to the true one by trial, and then 
ſay, as twice the cube of the ſuppoſed reot added to the giver 
number, is to twice the given number added to the cube of 
the ſuppoſed root, 0 is che ſuppoſed root to the true root, 
neariy. 

For a further account of this method, together with i its de- | 
monſtration, fee the Scholar's Guide to Arithmetic, page 170. 


"BY; RULE. 


* 
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VS. 6. 0\5 4 54 


RULE: 
. times the weight, add half the weight, and 


To 
ba of half the weight, and the cube root 0 this ſum 


be the diameter, nearly. 


» * 


EXAMPLES. 


1. N. weight of a laden den i Bhs what is the 


meter? 


. 8 IE. ; 
4 2 25 5 : 

. 785 

Ai . 


36 


5 e 
2 15 - 3642 


Latte apo unn hes nu then 


** 


® Demoy. By problem 11. vi = EIS con gw+ 


F nearly ; ! ri 
435 #4 wh _ Q. E. D. 1 ; 


* The Rule by Logarithms. To the log. of the weight in 
pounds, add o. 6547 79, and q of the ſum will be * logs- 
RR 10 

27 


* " 
. 5. 
2 * - L * \ 


BALLS and xe d 


27 36. 12 
| e 
— ; — 
e 5 gi 
36.12 +238) "B38 "2 #5. i 214-281 AIIN2 
90. 12 99.24 3 
| 55:38 
90. 12) 295. 7203. 30=diam. wah, 
- 27936 
3 
27360 
} 27036 
324 
2. What is the diameter of a leaden ball whoſe 
weight 1 1 121bs 5 7 * 3-78 inches. ; 


PROBLEM V. 


Having the external and internal dimenſions of an iron 
hell given, to find its weight, 


= R UL R. 


Take of the difference of the eubes of the dia- 
meter in inches, and 4'of that eighth, 1 their ſum | 


/ 


will be the wean? in pounds, 
* Demon. The n 52 x Na — 8 D 4 


| JD =þ x ENA IA N. "Wk 5. 
14 EXAM- 


- 


* 


% BALLS, anp SHEDLS. 


1. 


EXAMPLES. | 
1. What is the weight of a 13 inch iron bomb- 
ſell, nnr 


22 13 — 
F * 
o . 


— 


+14 . . 
Ned 9XgX9=729=eube of the internal diam, 


 8)1468 * 


8183.5. 
22.9 


23. What lathe weight ws a 9 inch iron bomb-ſhell, 
the metal being 14 inches . . 7. 1446s, 


; 


PROBLEM V. 


vo 4 thi nunber o an; wier that's belies 
. or Jold, ; + Ae 
NP RULE. | 


£3 


_ —— 


BALLS an» SHELLY. „ 
e 


NH e wel} 


1 the internal diameter 3 in 1 _ bivide | 
by 59.32, and the quotient is the weight nearly, 


a © BXAMPLES, 


1, How many pounds of powder will a Hollow 
ſhell hold, whoſe internal * is 9 inches? 


9 . ” W. 9 
. | ro 
% 
\ 
£ 


81 | 

9 | 8 

59. 32) 729. 00012. Wm oO: 
5932 | * 


* 13580 


£ 17160 


„ 2” 
5% e 


* 


* ' 


— 


7— — 


* Demon, The content of the ſhell is = »? x aer theres | 
fore 31.06 (in, in 1b.) : 1b. 2: 3 * 5236 : _ x 1 = 
* et Ny 

— P. D. a ̃ 

5932 2 

. e rule may n 8 

take 2> ram ef the reſult; an 75 Part of this 5 TG) and from: ' 


K ng 8 the- 


* * Av . 
n * * y — Lok) * * 
Wy * * * : L Y bs * 9 7 
* — C 
as 0 {4 * 22 - ; 
Pa ; . Ds a .- ; 2 4 . 
, 4 OP * " 18 1 Y - 3 


. 
. 8 0 - 
. — 5 


- 1s any SHELLS. 


* 2 2 | 4. Hom many pounds; of der will a hollow 
Fe 1 interna diameter is rz inches? 
oF oF eee Bale e 1th eee N erke 


* 2 ns * 20 Te. 2 w i 4 + 51. # * i) CU 


3 S049 | PROBLEM. > Gt 4 Ex 
eee a cabal arts eld a gh 
 Fuantily of pœæuder. Y 
15 8 R 0 1 E. 

9 Multiply the weight in pounds by 31.06, and the 


cube root of the product * the length of the 
ſide in inches. 


45 Ng EXAMPLES. 


1. What muſt be the length of the fide of a cubical 
You that is to hold 151bs. of pet 1 
31.05 n 
r 
— | 15530. 1 
| | $108. 1 
465.90. 


ZIL IE 1 


— 


the ſum of theſe two 2 ſubtract Jof the laſt quotient, 
and the remainder is the anſwer, nearly, 
— Rule 24 Logaiithms._ Te- times the log. of the diameter in- 
Inches, 2d. 2267989, and the fum is the logarithm of the 
1 quantity of pounds required. 
, Den. As 31.06 inches : 11b. : : 24 (che cube of the fide) 
' 3 wp (the weight); whence s = 31.06 x l. GQ. B. D. 
Rule by Logarithms, To + of the log. of the weight in 


I He > ha Da ts: 24 | 


g - : * 
wy * 5 27 : 45 os N 


then 


* Let 7:5 D cube is E 


WAIT * e 
s «Y 4 - 


1 : * 4 . 4 * 

. : l 4 FX # * 3 N 0 

8 8 » * N -* N 94 
421; 75 1 3 Anta 


| »h 3230.8 

| Wh Yy "THE 
- w_ —!b . 
„ 


- S 745 04 | PE. ad 
843.7 50 94% ft t {6461 For! 
465.99 441. 875 


 1399.650 


1353-675 = Sf eat: 
r loi es! Aist 21d $68 
6768375 : 
9475725 


1309. ohen 562507. 75d reg. 
-"' 67550 LEVY 


SC:240 "13991 


$i 9850125 
8 


082 30 2 
6548250. | n 


=” > 


277500 


"0 FOR is the fide of a eubjcal-box, that 1s to 
hold 1 albs. ae . 18 7-19 inches. 


4 


3 


rn VIII. 


ee ond a angular 
ro id br mary fend of ponder il ile 8 


4 


1 A * " * 


* Th carat may ee alle jd Klan 


| TCO 5 5 92 8 4 T5 2 5 
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eh nearly. 
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NS CET RE us ac v4 R U L E. eas wh tte 
| Multiply the length, breadth, and depth in inches 


together; and this product being multiplied again by 


-0322 will give the anſwer in pounds, nearly. 
But if greater exactneſs be required, ſubtrat 3% 


7 4 1 of the product of the three dimenſions from the 


- > 


reſult, and the remainder will be the anſwer, 


; | EXAMPLES. . 
1. The length of a rectangular box is 15 inches, 
the breadth 13 inches, and the ord 5 inches ; how 
? uy 


many pounds of powder will it ho 


4a 


/ 


- © 31.3950: potnds required. 
„ 2. The 


» Demon, Let 1, B, p, = length, breadth, and depth re- 
ſpectively. be ab | 5h 
LBD - 


| Then 22.06 weight in pounds = LS D X 03219574 = 


ben e X 1.29, E. D. | 
2 Rale 


N foot, the 
breadeh 9 inches, and the/depth 4 inches: how many 
pe ITS it hold? of. 13 9104. 


PROBLEM 02-5. 


Given the diameter and length of a hollow „han to 
i I SE 


RULE,” 
' Multiply the ſquare of the diameter by 3 of the 
length; and then take +4 of the product, n part of 


this fourth, and 2; part of this „ and che lum of 
all theſe parts will be the anſwer in pounds, nearly, 


— 


Rule by en Add the logarithms of the length, 
breadth, and depth in inches, and the conſtant logarithm 
—2.5077983 together; and the ſum will be the Tegatithen of 
the anſwer in pounds, exat#y. . neee 

* Baca IN 78839 XK 

; x; '.". $206 


54 3 1 
ut 9 r 


= w= 2 5 L, nearly. 


— 


8 


T 
Rule by Logarithms. - To twice the log. of the diameter, 
add the Jogartthen of the length of. the cylinder, and the 
conſtant logarithm—2.4028885, and the "ſum will de the 


n! ] 


xx AM 
2 C 
1 Y 


"a 


„ „ = 


s BALLS aw» SHELLS. 5 


e ; 406 'BXAMPLES 
10. Tho-Liameter: ef e lie cyliader is 
and the length 1 foot : b N 
will it hold? 
"i x 14 53 
* 2 g 


e of the diameter. 
1. 2 27 of t length. 


— 


533 N- 
a ; Av 005 % of 10535 *- 


4.8 538 pounds the fuer. 
. The 3 of a hollow cylinder is 6 2 . 
tl its — 14 10 inches: how maxy pounds of pow 


will it ho Anſ. 9. Dale 
3-44 PROBLEM . 
Com the * of @ hollow cylinder, to fd what 
length of it call be fled by @ gu f uur. 


_ 


RU L E.⸗ 
Divide the wei ht in pounds by the ſquare of 
ee by 2. Mul- 


. 1 W 


: -i. 0 5. | 
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2. Multiply the quotient by 40, and from the Pro- 


2 ſubtract 4 of the quotient. 
From the remainder take J of that third, and 


this laſt remainger will he the 


Hs OE 


U. The dimkter of a hollaw cylibder ie l ſoot: 
what = bh of it will be filled . 10 "FO of 
Dr 


eee 
12). 9375 ee 2 1 
— — | 
ne ute 10h. 22 a u 12. F 
dad nile. 
a? 3 5 8 4725 - 94. = 
9231472 e elne ene 
2.75454 1 . - 8 9 
0077 157355 f 0231472 b <0 


2.7468011 e in inches * 1 

2. The diameter of a hollow cylinder is 6 en 
t length of 1 it mY be filled by 2 of powder? 
. 135 ww; 


_—_——— 


— — 


_ Rule by Logarithms. in 
add the logarithm of the given quantity of power in pounds, 
and alſo the arithmetical complement of twice the logarithm 
of the diameter in inches ; and the ſum will be the 


of the length in pounds. Zr 

| Thoſe rules, and their inveſtigations, were given me by 

Mr, Reuben Burrows mm- ! © +, ©2141 2: han 
. | N OF 
Fa 


- 
* 4 ' 
p 25 208 6, 355 4 
. os 


* 5 4 1 J. 
8 1 7 
© N ol . * ” „ 
on 1 e an 
1 * »- WF. , * * E 
N 2 ifs 5 « 4 Wer 


PILING os 6 
oF | 


fy, 50 "BALLS av» SHELLS. 
RON ſhot "and ſhells are aſually piled in horizontal 
I courſes, in a pyramidical or wedge like form, the 
baſe being either an equilateral triangle, a ſquare 
or a rectangle. In the triangle and ſquare, the pile 
finiſhes in a ſingle ball; but in the rectangle, the top 
is a ſingle row of balls. 

In triangular and ſquare piles the number of hori- 
zontal rows or courſes is always equal to the number 
of ſhot on one ſide, in the bottom row. But, in 
rectangular piles, the number of courſes is equal to the 
number of ſhot in the breadth of the bottom row ; 
and the number in the top row, leſs one, is the dif- 
ference between the number in the "RN and breadth 
of the bottom row. | 


5 PROBLEM 1 e 
uu of fr genere 8 
rn | KEVU-LE* rs 
Multi 8 in one fide of the bottom row- 
Plus two, by that number plus one; and this product 


4 2 & » wi » — 
% "RR. ; 
4 ws * — 


R = „ N 1 3 
1 0 : = is v- ES . | 444 Wa. * 2 
— T * 


— ee want eds. 
wiangular number Da ag n. 
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bei meliplied by Lf hs tamber is the Si 
being oi ive the anſwer required. , | 


| EXAMPLES. 

I. Required the number of ſhot in a fnithed 1 * 
angular pile, the number in one Oy of 5 baſe 
b ere: 
90 2 = manbe pl (gs 

number plus 1 en 


FEY i540 =number of fot inthe wbol pl 

2. Required the number of ſhot in a Gniſhed tri- 
angular pile, the mans; in one fide of the baſe being 
40? 2 1 U 11480. 


—_ — * 
*— 


the numbers 1 1, 25 I, 2, 33 1, 2, 3 41 1, 2, 3, 4+ 5 
&c, and the whole number of ſhot in ſuch a pile is equal to 
the ſum of all thoſe triangular numbers, taken as far, or to as 
many terms, as are equal to the number in one fide of the 
bottom courſe. 

Thus, if 1, 2, 3 457 57 6, 7, Ec. be the natural numbers, 


then will x, 3, 6, 10, 15, 21, 28, be the triangular numbers; 
or the number of ſhot in each courſe from the top. 
But the ſum * ſeries r + LST 10 15+21+28, b 


1 aterms 6 = SDK * (by Simpſon's dne, 


page 276) = n+ 2X 7 r * =: which is the ſame as th 


rule, E. P. * ; 0 6 * 
| PRO. 


— 


PROBLEM H. 
5 the number of foot in a Sniferd fivare gilt. | 


RUL E. * 


Multiply the number in one ſide de betta 598 
plus one, by double that number plus one; and this 
XY being 5 multiplied by 5 of the ſaid num- 

r, wili give the anſwer req 


EXAMPLES. of 


1. Required the number of ſhot in a finiſhed ſquare- 
_ bile, the number in one fide of its baſe being 20.. 
 41=double 20, Plus 1. 
2128 2 | 
| 82 
38361 


af © S%8 1 | (1 0117380, | 2 2 | 14 > | 
4 5 ee gf tut ntl 
3 2. 2. Required 


** _— — _ 


. < 


— 
4 1 „ 


— 4 KPN 
* N enen e ee 
S 6c 6% itt mf 7 "pory wy rgng number in its 
fide; and the whole number of ſhot in ſuch a pile is equal to 
the fur of all thoſe ſquares; beginning it one, and proceeding. 
as far as the number in the fide of the bottom courſe. 
Thus, if 2, 2, 3, 45 5, 6, 5, &c. be the natural numbers, 
then will x, 4, 9, 16, 25, 36, 49, &c. be the ſquare num- 


bers, or the number of ſhot in each courſs from the top "484 


— 


BALLS any SHELLS. 1. 


2. Required the nuniber of hot in finiſhed ſquare 


| un of ths FO enen in it. 
| | : a #3740. 


£0 hy + 1 4 fo 


| PROBLEM 1. 


Fil. 


To find the axuſer of oe's in Katt ee = 
Nd dur. W br call 

I, To tele the leng oſt row ads. 

the number of courſes leſ qty un the ſum 


by the number of ben plus 1. 


4 1 4 o i ** 


| But the fuini of the ſeries 144+ 9+16+25+ $6449, 46. 


o ne ANI — (by en 


| page 206) S TINA une. 


rule. Q. E. D. 

* The inveſtigation of this rule is given by Mr. Simpſon, in 
page 209 of his Algebra thus: Let m+ 1 and p + 1 repreſent. 
the length and breadth of the uppermoſt rank, and » the 
number of ranks one above anather, 

Then will m + x Xp > +1 I +m+2XpF2+m+3 won I 
—_ the number of ſos. in yaeb ot the AOL 
of the pile. 


— 
And LTT TIN. | 


io +m+n Xp Fn = numbgrof rn whether 
it be Whole, Or broken. 1 


bar FF | 


i: xa Tg 


Fg (hs 2 X 2 


+ *. * (mp + — 


Cee; 


which is the ſame as the rule. QE. * 
| THY — Mal 


— 


- 
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2. Multiply the number of courſes leſs one by that 
number more one, and add 3 of this product to the 


former. 
3. Take 4 of this laſt ſum and multiply it by the 


number of courſes, and it will give the —— re- 
n i 


* 


N Penh, EXAMPLES. 


.& 8 ſhot are there in 2 finiſhed reftan- 
gular pile of 15 coufſes, the number! in the WR 


row Deng 327 

32 2 * 
24 1 

N 8 a —— 3 WE FAD res * — 

| ( 
pr WO FPS 6 LOR ae ge. 
; | Th , 25 1. 
* A x 3 : : 


Ye a e e ft . 
. Re F ou more 1. 


| 4) 13224 
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\ 4)13224 


| 4960=mumber of. hut in the pile. 
2. How many ſhot are there in a finiſhed reQan- 
poker pile of 20 courſes, the number 1 ia the top row 


ng Re | | Ades, 


The number of ſhot in any broken pile may be obtained, 
by eomputing what the whole finiſhed pile would contain, 
and alſo what the pile taken away contained; in which caſe 
the remalager mn, be the ern the unfiniſhed. part as 
requirec. 

The rules ſor Andes the JAE TY of ſhot in the different 
kinds of piles, may be expreſſed algebraically thus : 


* 771 x = Win the triangular pile. 


* FIX F weng th dba fe. 1 


7 = (= + 2) x 6. — + 1202 Neo in thereQangular pile. 


Where diners ho anc a 
for the triangular and ſquare piles. And in the rectangular 


pile it denotes the breadth of the bottom row, and m its 


kngth, Which rule, for the latter caſe, is een more 
convenient than that given in the text. | 


© « 
. 1 
- 


* * V 
- 
© 2 -. 
_ 


OF 
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ARTIFICERS WORK, 


OY 
ws - 


P 23  -e 


| Age nde, ar nnn the value 
of their works by different meaſures, vir 


2 Glazing, and Maſor's flat work, &c. by the 
t. 


; 2. Painting, Plaſtering, Paving, & xc. by the yard. 


eee wager ge » Roofing, Tilings be. by the 


4. Brickwork, xc. by the rod of 164 feet, whoſe 
92788: :; 55-557 54 


The meaſures 162 uſe of in theſe works are con · 
- tained i in the aged ch. table : Ng ptr ag 
| 1 lineal foot 
1 I ſquare foot 

1 ſquare yard 


12 inches 
_ 144 ſquare inches 
9 ſquare feet 
100 ſquare feet 
2547 feet, or 4 
en n 2 


8 The bet bet IT the dimensions of all ſorts of 
artificers work is by. feet, tenths and hundredths; becauſe the 
computations may then be perfor med by common multiplica- 
tion, or by the ſliding rule, hereafter defgribed, 


— 


. . 


"tk es 3 8 


| | 555 en 
RICKLAYBRS WORK 


: : 


RICKLAYERS compute or N their work 
at the rate of à brick and a half thick, and, if 
a - be more or lefs than this ſtandard, it mu be © 
reduced to it, as follows: 


MC th — 8 8 
— — _— —— — 


Note. In practice it is uſual to divide he ſquare feet by 


272 only, omitting the . 

The uſual way to take the dimenſions of hb building, is to 
meaſure half round its middle, on the outſide, and half round 
jr on the inſide ; and this will give the true compaſs, in which 
the thickneſs of the wall is include. 

When the height of the building is ' unequal, take ſeveral 
different altitudes, and their fam, being divided by the number 
you have taken, may be conſidered as the mean height. 

To meaſure a chimney ſtanding by itſelf, without any party 
wall adjoining; girt it about for the length, and reckon the 
height of the ſtory for the breadth ; but if it ſands againſt a 
wall, yon muſt meaſure it round to the wall for the girt, and 
take the height as before. 

When the chimney is wrought upright from the mantle- 
tree to the cieling, the thickneſs muſt always be the ſame with 
the jaumbs ; and nothing is ever deducted for the 
between the floor and the mantle- tree, becauſe of the gathering 
of the breaſt and wings to make room for the hearth in the 
next ſtory. | 

To meafure chimney ſhafts, or that part which appears 
above the roof; girt them with a line, about the leaſt place 
for the length, "and take the, height for the breadth; and if 
they be four inches thiek, ſet down the thickneſs at one brick- 
work; but if they be nine inches thick, reckon it at a briek 
and a half, in conſideration of the plaſtering —_ ſcaffolding; ' 


jS 
by. 
4 » 


216 BRICKLAYERS WORK. 


fedora 


Muttiply the ſi content of the wall in feet, 
by the number of balf bricks in the thickneſs, and 
3 ; of that product will be the content required, | 


EXAMPLES. 


> als How many ſquare rods are there in a wall 521 
| fer Pe 12 feet 9 inches high, and 2+ bricks Co 


By Decimah:. . 


„ 
12. 75 =height . 


2625 

1 
1050 En | 1 | n 
ee BOS ns | 


weer xd Se ; al ri 15 


— 
. 


2557 3045 . 2 p 
1088 ro. fe. in. 
„ ien e 
TIE IV 1632. 


4 — — 


2550 
2448 
102 

3 


e n 1 * 
3 N 4 


AR. | lt window, dons, e aiv 36 be, de one. ofthe 
| contents. of the walls in which they are placed. But this 
— mace only with regard © materials; * 


— 


BRICKLAYERS WORK. ap 


5 * ee 
| | feet mm 77 e 


6 CEN ; 
IS: B gits 0 or 
FOG ode 645463 *h4 + 8 
630 © 5x34 
39 4 6 v. 
f r. * 1 21 4 
272)669 4 6 2 
ile = 5 
38 | F * 
—— 5 1 8 1 * 47 


2. How many ſquare pos th are chere! in a wall 62 
fect long, 14 feet 8 * n and 21 bricks thick? 


ro. fe. in. 9 


425.5 . 


If each fide wall * a building be. 45 feet long 
on che outſide, each end wall 15 ww broad on the 
inſtde, the height of the der 20 feet, and the 
gable at each end of the. wall ö feet high, the whole 

ing 2 bricks thick; what is the true content in 
ſtandard rods? . 1373 e 


4 Z 
* —— FED I II _ Ba þ * 


4 ola is added to the bill at the ſtated rate 

agreed on. = 
There are alſo other allowances tobe made to the workman,. 
ſuch as thoſe for: returns of angles made by two adj 
walls, and double. meaſure for feathered gable ends, & c. 
All ornamental work is generally valued by the foot ſqu⸗ 
ſuch as arches, doors, architraves, trizes, co | rnices, &. 5 
carved mouldings, &. are often * ſor 5 e 
foot, or lineal meaſure. 


7 | | or. 


: 


— 


jon . 4 > Ss. 
* = 
- * 
— — 4 
„ * - 5 
1 : GELS 218 1 
* 9 - AA 
— * 4 a = 
, " „ 


| Sg toes) Wt 
MASONS WORK. 


0 Maſonry belangen fort of ſtone work, and 
| the meaſure made uſe of is a foot, either ſuper- 
ficial or ſolid. EN 75 

| Walls, blocks of marble or ſtone, columns, &c. are 

. » - meaſured by the ſolid foot; and pavements, ſlabs, 

chimney· pieces, &c. by the ſuperficial foot. 

OO DX AMPLES. 
1. Required the ſolid content of a wall whoſe length 
iz 48 feet 6 inches, its height 10 feet 9 inches, and 


thickneſs 2 feet. 
e | By Decimali. 
; 5 4 
: 521.375 | 
- 2 


_— — — 5 ® 
— | _1042.750 the anjaver. - 
—» is , \ A 
9 hv; | Log ono | 
4 * 


n 
ll 


- * Solid meafure is principally uſed for materials, and the 
ſuperficial for workmanthip.—In the folid meaſure the true 
length, breadth; and thickneſs, are taken, and multiplied con- 
'tinually together. And in the fuperficial meaſure, the length 

- "and breadth of every part of the projection muſt be taken, 
as it appears without the general upright ſace of 5 HED 


— 


vi, bare ee 7047 7 Ferret g he 
2. Required, the Golid content of a- wall whoſe 
ety 53 feet 6 inches, its height 12 feet 3 inches; 
andits thiekneſ 2 feet. ' Ani 1910 feet gin. © 
3. What is a marble ſlab worth, whoſe ro . 
5 beer 7 itehes; and breadth r foot 10 Prins 25 
Ta 


per foot * 14. Fd. 
4. What is the ſolid colifzhit” of a a, whoſe 

length is 66 15 9 inches, its height 10 feet, 3 inches, 
and its 6 25, let), 4 1556.) 855 face. 5 
_—— y ;ece, ſuppoſe the A2 

* = and ſlab each, 4 6 

Breadth of both 2 n en A ye 

* on 5 * * * on | * . in. * 
Length of each jamb. e een 

L readth of both to , * 1 9 


wn, . La 't 20 inn i ? þ | 
e 00 _— 10 ans 
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tents of the wwalls in which they arg placed; but this — 
is only to bs. et with-cograd+49. ene for Arent _ 
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a CARPENTERS axy JOINERS WORKs, 
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ARPENTERS and Joiners , work is that of 

l flooring, partitioning, r oofing, &c. and is mea- 
fored xd the 17895 of + SRC 

| 5 eee 
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z * 3 
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* 
the foot, or yard, c. ſquare; but inriched mouldings, and 
we other articles, are often eſtimated b Turining'6r lineal | 
meaſure, and ſome things are rated by the piece. ATR 

In meaſuring of joiſts it is to be obſerved, that only one of 
their dimenſions is the ſame with that of the floor. and the 
other will exceed the length of the room hy the thickneſs of 
the wall, and 4 of the ſame, becauſe each end is let- d the 

Wall about } of its thickneſs, 1 | 

No deductions are made for hearths;” on acount of. 'the 'y 
additional trouble and waſte of materials. * 

Partitions are meaſured from wall to wall 60. obe dinidndih; 
and from gor to floor, as far as they extend, for the other. * 
No deduction. is made for e . we, E the - 
trouble of framing them. __ - 

In meaſuring of Joiners Work, the lieg i made to pl 
cloſe to every part of the work over which it paſſes. 

The meaſuring of centering for cellars is found, by making a. 
| Kring paſs over the ſurface of the arch for the breadth, and 
taking the length of the cellar for the length ; but in groin- 
centering, it is uſual to allow double meaſure, on account of 
their extraordinary trouble. 1 rr 

In „the length of the houſe in the infide, toget 
with — thickneis of one gable, is to be cotifiderel! as the 


5 length, and the breadrh is equal to double un aft 5 5 
8 7 r, Moky: ar 


(09 X71 14 


wc ome pmminemreg wenn fan get 
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candiietths Ano Joints work.” 21 
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EXAMPLES. 


* If a floor be 57 feet 3 inches long, and 28 feet 
6 inches broad: how many {quares will it contain ?- 


By Decymals,,,, 
"5 7.28 K. 
28.5 
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* Halrecſer, take the breadth of all the! 8 — 
make à Ene ply $lofe over them, frem the top to the bottom, 
and multiply the length of this line by the length of a ſtep for 
the whole area. By the length of a ſtep is meant the length - 

_ ofthe front and, the returns at the two ends, and by the breadth 
is to be underſtood the girt of its two upper ſurlaces, « * the 
tread and rifer. © | 

* Far the baltrade, take the whole length of nen 
of the hand- rail, and girt over its end till it meet the top of 
the newel-poſt, for the length: and tw¾ice the length of the 
baluſter upon the 1 witlh the girt of bond ee ſor 
the breadftitng. 

For wainſcotrting, take — Wempe of hs! weben For the 
length; and the height from the floor to the cieling, making | 


the ring ply cloſe into all the mouldings, from the breadch. 


Out of this muſt be made deduQions for windows, doors, © 
and chimneys, &c. but wo: kmanſhip'is counted — the when, | 
on account of the extraordinary trouble. . 
For doors, it is uſual to allow for their thickneſs, by adding 
it into both the dimenſions of length and breadth, and then 


* 


multiplying them together for the area. If the door be pan- 
nelled on both ſides, take double its meaſure for- the work», 


L 3 | . 


koh „ * * - * as 4% 
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2. A floor is 53 feet 6 9 er , and 47 feet g 
inches broad: how many 4 ard ty 9 
nf. 25 H. and 54 
3. A ition is 91 feet 9 be Tie ; 1 
feat 3 inches broad: how many Tikes will 5 contain? 
A,. 10 . and 32 feet, 
8 nn ea workers N feet 6 inches 
, 18 feet 3 inches :. how many iquares 
io idler ola As 12. ploy gas ny oe 
F. If a houſe” ＋ . within ** 55 52 any 8 
inches in len and ER, ms on 
and the 1 of a cb itch, what will it coſt 
| n at 10s. 64. per eee 46 121. 125, 113d, 


: — th dat Lake — 


1 F 
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5 manſhip ; but if one fide only bo panelled take the area nd 


| its bal for he workmanthip. Ar 
For the ſurrounding arc hitrave, gird it about the congrataf 


port for its length; and \meafure over it, ren r 
ſieen when the door is open, for the breadth. | 
| — — baſes, 4e. ars meaſured in the fame 

In the meaſuring; of roodeg fi tals) alen 
holes for chimney ſhafts and ſky-lights are generally deducted. 


But in meaſuring for work and materials, they commonly 


meaſure in all ſky-lights, luthern-· lights, and holes for the 
chimney _ 08-account. of e 6 and waſte of 


materials. ee | 
— | : | 3 0? 


. | 7 * 
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SLATERS | AND TILERS. WORK. 


| FP theſe works, the content of a mat of roofs 1s found by 


1 multiplying the le from 
eave to eave; and, in ſlating, — mat made 
for the double row at the bottom. . 


In taking the girt, the line ade to ply der this 
loweſt row of ſlates, and returned up the under - ſide 
till it meet with the wall or — but in tiligg, 
the line is ſtretched down Dune, the loweſt- uw. 
without returning it up again. 

Double meaſure is generally allowed for bips -þ 
vallies, gutters, &c. but no deduftions are made 

chimnies. | 


72 


BXAMPLES, 5 = 

1. The length of a ſlated roof is 45 feet 9 > inches, | 
and its girt 34 feet 3 inches: what is the c 22 | 

By Decimal. „ 

45.75 
3425 2 , 


22875 | 

9150 | 
| 16955 % 
13725 44 


9915669375 
174104. 
| L 4 s / 5 
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224 SLATERS D 'TILERS WORK. 


By Croſs Multiplication. g 
ſeet in. | 
i” 45..9 ä 
i 15 
| 11 — anne e 
I: p —.— . | 
1 8 * 74 perdies, OE OT IO EY 


A will the tiling a barn coſt at 257. 64. per 
gende the length being 43 feet 10 inches, and the 
breadth 27 feet 5 inches, on the flat, the eave-· boards 


75 a! 8 We each 25 * 244. Nr 51 


8 ä 


— 
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In at's formed in a roof, running from the ridge to the 
— that angle of the roof, which bends inwards, is called a 

1 and the angle bending « outwards, is called a hip. And 

ing and Natirig, it is common to add the length of the 
vallies to the content in feet; and ſometimes alſo the hips are 
added. 
In ſlating it is common to reckon the breadth of the roof 
2 or 4 inches broader than what it meaſures, . becauſe the firſt 
row is almoſt covered by the ſecond ; and this is done ſome-  - 
times when a roof is tiled. 
Wote. Sky-lights and chimney-ſhafts are 8 deducted; 
but they ſeldom deduct lutHern lights, or garret windows on 

the roof; for the Sacks them is reckoned _ to the hole 
in the roof. 
In all works of this kind the content. is 3 either in 
yards of ſquare feet, or in ſquares of a hundred feet, and the 
ſame allowance of hips and vallies is to be made as in roofing. 
It is cuſtomary to reckon the flat and half of any- building 
within the walls, for the meaſure of the roof of that building, 
when the roof is of © rae pitch, or ſo that the rafters are 4 of 


che breadth of the building. 
PLASTERERS 
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PLASTERERS WORK. _ 


PLEASE, work is of two kinds, 
plaſtering upon laths, called cieling ; ; and 2 
ing upon walls, called rendering; and theſe different 
kinds muſt be meaſured ſepai ly, and their contents 
collected into one ſum.. 

Note. Proper deductions nl be made for doors, 
windows, &c.—And in meaſuring between quarters, 
there is commonly. + part of the whole area allowed; 
but when rendering between quarters is whitened or 
coloured, there is 4 part to be added to the whole fo 


the wes of the n An . 
1 EXAMPLES. | rt 2926] 


If a cieling be 59 feer 9 inches long, and 24 feer 
6 broad: Jo thang yards does 3 nl h 
r - MW 

5% tt 59.75 1 An #1509! J 3 | 
Ivy 2090090 BP e, 2908 6 ben 
| N . „N ; TL: 7 8 
$ ** 29857 Font ie 
Ts 3 254 35% nage 


: + £4 : = 
4 e e ee e Yee 
a 15-101, 49 re 
90463 75 7 35k 1 
1 14 S > 
* 342 144 p 7 <> Þ 25 
| | 162. 652 . TIS . 2%. TR 
3 * 1 
F ' 
— — — — — 


Plaſterers 2 work is meafured by the ſquare foot; or 
yard of 9 ſquare feet, and enriched mouldings, 8e. by running - 
or lineal meaſure. 


- } "+ F454 T6610 9; 1 I 5 277) SETS; ONS! 148 C By 
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226 PLASTERERS WORK. 


By Croft Muktiphcation. 
: fat . | 
59 9 
3 
— — RIES 
1434 „ g 
: 29 =o 6 
901453 10 "I 
bigs 1 5 e * 6: os 8 5 | 
Al. 162 yarts g free.” n 


2. If 2 8 between rooms de 10 et 
me beet and 11 feet 3 inches high; how many 
yards do they contain? Anſ. 176.87. 

3. There is a quantity of partitionin that mea- 
ſures 254 feet 8 qere ber and 14 feet 6 inches 
and is render tween ; the lat 

d feng of of which will be bf L 
whatng 24. per yard: 5 will the Felle e come to? 
"17>. ſa I 34, 175. 214. 

4. The length of a room is 14 feet 5 inches, its 
breadth 13 feet 2 inches, and height 9 feet 3 inches 
to the under fide of the cornice, whoſe girt is 84 
Inches, and its projection 5 inches from the wall on 
the uppe 83 next the cieling: what will be the 
uantity » ſuppoſing there are o de- 
458558. but e one hoon whoſe ſize is 7 feet by 
4 feet? An. 53 yardr 5 feet 3 inches, of rendering, 


18 yards 5 feet 6 incur, ef" eveling; aud PT o 
inches, cornice. | | 


— —— — 

The work is chiefty of jonas. vir. en 
called cleling; and plaſtering upon walls, called rendering; all 
the different kinds are to be meaſured ſeparately; and then the 
-  cohtents of the ſame kind, or the ſame number of coats muſt be 
collected together into one ſum for the content of the whole. 


4 e or 
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PAINTERS WORK. 


AINTERS work is -meaſured in the ſame 

manner as that of Joiners; and in taking the 
dimenſions, the line muſt be forced i into all the mould» 
ings and corners. 

indows are done at ſo much a- piece, and in carved. 
mouldings, Kc. it is cuſtomary to allow 8 * 


r e . 


* ol N of > Ro 
* 


\ \ EXAMPLES» 5 

„ Kar room be painted, whoſe bellt ws 16 feet 6 Es 
inches, and its compaſs 97 feet 9 . . 
yards does it contain? CES 1 


a 2 . | \4 , a $8975 . 
FREY CORY 0 TT OT 
MN ! « ' * 4 « 8 9775 
9)1672.875 
: CH 5 4 
1 5 | 4 17 9.208 þ 1 


BileRrades ung molt eee wiilhetio? Wer Mi b bes | 
as in Joiners work, excepting for doors, window-fhutters, t. 
where the Joiner is only allowed the area and half area, but the 
Painter has always double the area don becaule every 
part that in pabnted muſt bo menfured. mw | 


L6 =, '* ps 


228 PAINTERS WORK. _ 


By Crofs Mu'tiphi 
fret in. 
3 5 0 
*. Th „„ 
n | 1564 oO. 3 
A, d ant: BY: xk; $a Titi gh 


2 


D 10 6 


: 
* * F 
* 


179 1 10 6 
we 45%. 179 yards 1 foot. 
1 be height of a room is 14 feet 10 8 and 
the circumference 21 feet 8 ner how many ſquare 

| or does it contain? A, 35. 
SFr. ..3z Suppoſe a room, that was to be painted. at 84. 
for yard, meaſures as fallows; The height is 11 fe. 
7. che girt or compaſs 74 fe. 10 in. the door 7 fe. 
6 in. by 3 fe. 9 inches; five window ſhutters, each 
6 fe. 8 in. by 3 ,. 4 in. the breaks in the windows 
14 in. deep, and 8 . high; the — 6 fe. g in. 
by 5 fe. a cloſet, the heig tof the room, 3z /*. deep, 
and 41 fe. in front, with ſhelving, at 22 fe. 6 in. 
by 10 in. the ſhatters, doors and ſhelves, being all co- 

' = _ loured on both ſides: what will the whole come to ? 


35th A. 41. 18s. 96: 


—. 


%. 
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Mus Painters take their dimenſions with a ſtring, and 
meaſure from the top of the_cornice to the floor, girting the 
ſtring over all the mouldings and ſwellings; and their price is 
generally proportioned to the number of tirhbs gy lay on 

their colour. * 

All work of this kind; is . every ; 
part where the colour lies muſt be W W e e in 
. * general account of the work. . . .. 

Deductions are to be made for 3 3 &c. and 
"the price is generally proportioned to the. . of times 
they lay on their 14H 


«4 . OF 


a 8 


-inch, and all circular, triangular, 2 are * 


F — 
" 4 x 
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G LAZ IERSG WORK. 


L3 7 


foot. 
In takin kg the length and breadth of a window, the 
croſs-bars between the panes are always included. 
Windows of every form are meaſured as if they 
were ſquares, and the greateſt lengths and breadths are 


conſtantly to be taken, on account of: "8 waſte at- 


nenn Aen. f 
! EXAMPLES. 2 


177 1172 e be 2 feet 8 inches and 3 ng 
ters long, and 1 foot 4 inches 1 ane Our: how 


k 94 75 
© * 


F | „ 
5 D T6; 3-3-4 


| The decimal of 5] inches is 729 RY 
A 1a | 


K 


„ 1 


Glaziers: Daa nde che u 8 
#3 if they were ſquares 


5 07] 2288 1: ag o 


LAZ IkRs take their dimenſions in 3 inches, | 
and parts, and — their work by the ſquare 


. 


bg 


inches: * will the 


230 GLAZIRRS WORK. 
By Croft PP. = 


"2. What will the ee a high — 


come to at 104. per foot, ſuppoſing NA 12 


feet 6 inches, and the rpendic height 16 feet g 
inches? 10 5 A2. 47. 5 244 
3. There is + vals with 3 tier of window, three 
in a tier; the height of the firft tier is 7 feet to 
inches; of the ſecond 6 feet 8 inches; of = third 
, 5 feet 4 inches, and the breadth of each 3 feet 1 | 
come to at 144, pe 
foot ? < 2 134. 115, Li 
4. There is a kouſs with z tier o windows, three 
in 5 tier; the height of thoſe in the lower tier being 
7. fe. 9 in, of hots 3 in the middle 6 fe. 6 in. and of 
thoſe in the upper tier 5 245 34 in. and having alſo a 
circular window above the: door, the greateſt hei ht 
of which 17 1 foot 10+ in. and CO b 


: of all the windows 3 2 9. what will the glazin |; 


Anſ. 124, * 1144. 


Note. Windows are ſometimes as: by'toking the di- 
menſions of one pane, and multiplying it continually by the 
number of panes ; and no allowance is ever made for round or 
oval windows, as the trouble of cutting them to thoſe ſhapes. 
„ Oe REO, | >. 


come to at 1 _—_ af Pp, 


4 * 
+ 3 * hy a a = . 
* ”. wy pe 1 3 * 9 $ \ 4 — 2 2 
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2 232% % 4 58 * 
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AVIOURS work is . ty yard, 
and the content is found by woltiptying the 
length by the breadtin. 
if the dimenſions be taken in feet, and the hs 
be found in the ſame meaſure, the yelult being di- 
vided by g, will 8 the Wander of ſquare * re- 
quired. N 


EXA a rrs 


Whos: t will the ; paving ee | lar court-yard 
ee to kat . pet yard, Tappoling the length 
to be 27 fe ol whe and th h 14 feet ' 


THEFT] 
inches? 
" 
; rel Ween 
2 1 7 * * '? 
1 i _—_ 
Py 
= 
4 
£ * 
4 : 
4 
a - hege 
6 | 
4 306 7 
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Pr wits coed or Hon 12 
dred weight, and the price is regulated according to the value 
of the lead--at the ˙ contralt is-madey <rwhen-eho 
work is performed, | J 7% 


45 


232 PAVIOURS WORK. 
45 5 6 Gat 3s. 24. 
; | 7. 4. L ad ; ; 1 
2 F | 
— | N 4 ＋ : — F — 4 * 5 , | 7 * 1 
1 © 1 4 10 | 
Rm 4 2 5 * | 
RATS N . Kiehn Botha 2 TS; ＋ 
J. in. 5. 1 8 E HTS "£1 mene 214 big” ; 
3 oO. Pr] 7 6 by . 27 0 27 : 
$*# 170.2: Þþ- 1] 3:1 9S+ es og 
11,40 Ox} ! 0:1; PRE 
. 0 6 02 19 4 149 - £3 3. = ' 
O © 6072 Q 2 Las 
N 1 517 0% 0 1 
1 75 8 . F 
4 7 4 43.the anfuver. . | 
2. A rectan court- -yard is 42 feet \ inches 
long, and 68 feet 6 inches in depth, and a foot-way 


s quite throug h it, of 5 feet 6 inches in breadeh; 
the foot-wa ay is 10 with ſtone at 3s. 64. per yard, Lad 
the reit with pebbles at 35 Per bs what will the 
whole come to ? dey 497 175. 18 


> 1 7 . 

$heet-lead, uſed in roofing, guttering, &c. is cn ds 
tween 7 and 121bs. weight to the ſquare foot. | 

The following table will ſhew the Sink of a ſquare foot 
to each of theſe thickneſſes. 1 


— 92 


— 


n . N. 
Thick, Thicke © -— b-Thich, |. 2 

- a TH | ths . 0 Mb foot. 

4.348 |. 18 . |. 20.6428 

| 9-43 19 | 11-207] 

| — 9.3831 3 11.797 1 

| 16.028. | .22 * 12.337 | 

* 7 : r 5 
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As my 0-875 51 r 
(THF 4 1 233 1 3ubo tio ds Ie 1091. 
'VAULTED \ AND ARCHED ROOFS. 


{32 © . F- x 


Lacta roofs are either vault, dame, ok, or 
groms. 

2 rogi are formed by arches ſpringing from 
the oppoſite walls, and meeting in a line at the top. 

Domes are made by arches ſpringing from à circular 
or polygonal baſe, and meeting in a point at the top. 
Salbons ate formed by arches connecting the ſide 
walls to a flat roof, or cieling, in the middle. 

Groins are formed by the intenection or x vaults with 
each other. 4 #7 I 

Domes and Sales. 3 occur in the practice of 
meaforing, but vaults and. groins cover the cellars of 
moſt houſes. 3 

Vaulted roofs are benen one of the three fol- 
lowing ſo ſorts: 


* Ln a4): 4 


I, Circular og, or thoſe whoſs arch is ſome pen | 
of the circumference of a circle. | 

2. Elliptical roofs, or thoſe whoſe-arch is' ſome part 
of the circumference of an ellipſis. 86} 901 # 

3. Gothic roofs, or thoſe Which are formed by 1050 
ciccolte arcs that meet in a paint directly over the 
middle of the breadth, or ſpan of the arch. 


—— r 


Ne PROBLEM: 1/44 ne 
To find the ſolid content of circuler, ellpeic,, or gothic 


vaulted roofs. Car 1715 


RULE, 


4 


OF 


234 VAULTED ax» ARCHED ROOFS. 


R UL. E. 


Multiply the area of one end by the len 2th of the - 


roof, _ the rene will be the 1 required. 


EXAMPLES. 


What 1s the ſolid content of a 9 a 


a whoſe 3 is 40 feet, and its length 120 r 
7954 


— 


A 
7854 e 
2 ; | x 3.2 - a” 3+ 


2)1256:6400 
e 75 n the end, "Tee 


* 


120 


6 75398. 40 required. | 
2. 3 the ſolidity of an elliptic vault, whoſe 
wann 12 feet, and lengt ee | 
9159.3 
3. What is the ſolid content yo th We Hg ar 
whole ſpan is 48, the chord of its arch 485 the diſtance 


of the arch from the middle of the chord 18, and the 


* 


length of the vault 18778 Anſ. 136228.044. 


K . 


— 


© ® To find the ſolidity of the traterials in either of the archer. 
Eule. From the ſolid content of the whole arch take the 
ſolid content of the void ſpace, and the remainder will be the 


PRO- 


8 aro 


1 


16002 „17 40. 2 . ee. » 
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1 PROBLEM: 1. 
| Te find "the concave; o db 
oli, or ike eee newt 
Ree oaks. 


Multiply the length of che arch by he length of 
—— — will de a re- 


9. 2 1 


1 4 == 
1. What is the concave ſarface of a femi-cireuar 
vault, whoſe.ſpan i is 40 feet; e e 


K, 5 f 
. 


1 Deng e 

with 121 27 2 
- 62.832= into th eu | 
| 1 5 dit 120 * & ; 


7555 enen rſt e. 5 


PROSE T6 m 


7 find the content of a dome ; in height, and thy 
— TILE 2 7007 0 


* - - _— N —— — — — 
— * EIT — — 2 — __——— lu. » AU oe * 
' 4 x 


a ſtring over it; but for the concave ſurface this method ig 
not applicable, 4 3 found from 


proper dime oss... 
| | . | RUR. 


* 


wy 22 2 — —— ˙*¾ͤͥ„L — 


— 


K 43 


* vier rab ap ARCHED' —— 


RULES 5 © 


area of.the baſe b of che bei t. 
po Wind win be Ws ene. 48 wy TY . 


aur ag 


pus I, What is the ſolid content I x a ſp 8 . 
the dlameter of whoſe circular baſe i is 60 f feet 


2 


e | 

143155. tar * 5 1 Joi 193 om N 10 1 

b 1080 cet $3} t4 et | 
OT: S 27-44 oO ara 0 of the baſs baſe . 
208 ef t 15 (30). 


1 ; 367 8000=/ohtty required, | 
2, In an hexagonal | pherical [kay one ſide of the 


baſe is 20 ez WOK. * dhe A 7 A 12000 fot. 


ne nn IV. 
25 fad the ſuper ia content of a ſpherical dome. 


EXE ie UL Exp : 


will be the ſuperficial content required. * 


— 


— od 


K 3 ˙ es n —— 3 — — — 22 — s 


-» Domes and faloons are of various figures, but hey are 
things that ſeldom occur in the practice of enſuring. 
*+i Tbe practical rule for elliptical domes is as follows : / 7 
ul. Add the height to half the diameter of the baſe, and 
| this 8 by 1.5708 will give the ber 
IF) 1 | | 


EXAM- 


eat * e Le "og 1 nyc 3 
5 


Aach the area of the baſe by 2, and the „een 
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dome £01 0 14. PREY "= 


On" 20 Ret? TH 4 . hn 111 
ee of @ hexagon whoſe fei is 1, 
©: OILS 16 M31 $53 30; 


+6 3 0073 E ©7238 141% M4 ve 1 $$ 


| 1039. n of the ba %. |: 


9267 8. ont = ſuperficial Ws required. 
K A ˙ 301 63-222 ox 


eee 2 c eat lere awe bn 
rn * 10 4733} 14344947) [ painting. * 
11. $470044 = 114. 10s. 114. the erh! 


© \ "\PROBUEM' WA ; MOTIVE 
To find the ſolid content of a ſaloon. 


n R U LE. 
1. Multiply the height of the arc, its projection, 
T of the perimeter of the cieling, and 3.1416 conti- 
nually mee As 2 
2. From 


Fl 


- - 2» 
8 133 CS 2 
— — 
\ * 
© - 
- 


os beeps 


aaa Fs ns 
Find the area of the gieling. 
ind the convex ſurface pay 9h e d 


hel length is equal to 4 the perimeter of the cieling, 7 ts 


= 15 


„ twice the projeQion « of the 1 


3, Fig the i content of a dom ot the a 
WE ls, ler ior 


Sis * ; n 


; 22 Ov 


,/ 


238 . 


a” | From a fide or b ee 


eter of the cielin 1 multi 
E 2 by the proper f Kor 9 9 


* . eee. * 
of the arch, and this product added to the ſum of 


and v will give Gs content 3 wy 


. 


——U0h ä 2 ͤ in 


EXAMPLES. 7 


* 03204 f OL 0 
\ Wha } 15 ah ſolid content- ef a faloon-w ith a 
hs quadrantal arch of 2 feet radiug; ringing 
aver a re@angula room of 20 f 16 feet 
wide? 8 2.1 


Here SOT of the clings 16 feet T 12; and 
* -. "KN: Won 5442 = 2 r 5 


F eee 
18 
Zl. 
1 4 10 7 2] 3C $34 $24. 1 
r 1-474. vg vis 433510 ! 
1 1 28 110 122 182 
ES "BZ F * 
. 5 — , 
— "a 0 —— ——ũ——ũ d —— rey MW — — _ - 
oP COME STACIE a IT Þ1 
ee NG the fide being . 


F Bas af te taben nat de of 9 
4, Add theſe three arritles together, and 'the ſum wi i ge 


the fuperficial content * oY 
26555 ram 


Noce. In a rectangular, circular 
FF 
janam  * N 2448 


baſe'of the dome wil e 


> 


r 0 - 148K: 


l 
. A 1 4 1 80 -4 " 4 . 
* r " , / | ws 5 | % 
* P K ew 
; 81 N 
#4 9912 1:1 1 anay be ung 
— . 
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131. * 
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VAULTED: ax> ARCHED ROOFS. * 
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* * 7 #, iT 4 
4 - £ , . 1 A 
& ' Meet 


175. 7584. 8 
dog of tern. 
„ 2 Tara. Se 


/ 


has: 16.000 ooo 
18 — of the ___ 


THE we 


— 


, - 1 Le * g 5 1 92 . 
> © % 1 bs 1 0 * 


16 


192 =2area cie 
2 b. the Jahn. 


\ $82 .2629=ſolid content required. 
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8 2. A cur-- 
: , * * ; 
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— 


* . 


- 249 VAULTED!. AND ARCHES ROOFS: ; 


2. A circular building: of 40 feet diameter, and | 
25 feet high to the cieling, is covered with a ſaloon, 


| Wis circular arch is 5 feet radius; required the 


14 2 Wu in"oublo feet? k 


en 30779. 45948 fo 


F927 


* = . 


none VI. 


| ROLE OR en 
Multiply the area of the baſe: by the height, and. 


dhe product 8 by 0 only it will give the 124 
dity required 


ann Auras Fo . 
I. Wat! is ; the ſolid contefit of the vacuity formed 


| by a circular groin, one e ice. * its ones baſe bein ing 


12 feet? 
—_ 
WW 12 
| ; 144 are of the baſe. 
4 | 6 bei ht ' * 


—— 2 


T8 ant 10 ran * eee required, 


23: - +. Wii 


— 


| are 
VAULTED AND co ARCHED ROOFS, , | 241 


Ls 


2. What is the ſolid content of the;yacuity formed, ; 
* an elliptical groin, one ſide of its ſquare baſe 


being, 20 Rok, an the height 6 feet du 1 6. 


2 


— 


0.4 :55: £97 ae: Fes 
PROBLEMAVIL/ pins 95 bento) 
"cxreular A 
. 0 D th concavt fuperficies & A dir ales. groin. . 
| bel 1 » nn 14 


n UL Bo 3 
Multply. the area of the baſe by. 1.2416, and che 
product wall * the ders lee mund. „0 See 


n N. . aa 


nin ae> 4 15 wor digs 3 


9 What is the curve ſuperficies age b. 
arch, one ſide es its n e eng : 


* 
- 
= 
*% 
—- 


eas Y a+ 


* 7 3:1 Y 2 — 


* This to thay 4 be ahh in ellipticat groins, to 
error being too ſmall to be regarded in practice. i 8 
In meaſuring works where there are many groins tn a fange; 
the cylindrical pieces between the groins, and on their ſides, 
muſt be n ſeparately. x 

M And 


W. | | (4 


242 ' VAULTED, AND ARCHED ROOFS. 


2. What is "the concave ſuperficies of a FD 
Lern N mee: ſquare being 9 feet? 1 
1 cy? | red FS 


Tk... 8 ; LY 2 # 


| And to find the folidity of the brick, or flone work, which 
eee ee 

| _ Rule. Multiply the area of the baſe by the height, including 

the work over the'top T le food product leſſened 

dy the ſolid b l FFF 


rtquired. 

The general rule for maaſi r TE 

From tue content of the whole, confidered as ſolid, from the 
ſpringing of the arch to the outfide of it, deduct the vacuitx 
contained between the ſaid ſpringing and the under fide of it, 
and the remainder will be tit content of the ſolid part. 

And becauſe the upper fides of all arches, whether vaults or 
groins, are built up, ſolid, above the haunces, to the ſame 


height with the trown, it is evideht that the area of the baſe * 


will be the whole content 'above-mentioned, taking for its 
thickneſs the height from the ſpringing to the top. And 
for the cor tent of the vacuity to be deducted, take the area of 
its baſe, accounting its thickneſs to be F of the greateſt infide 
height. But it may be noted that the area uſed in the vacuity, 
Is not exactly the ſame with that uſed in the folid ; for the 
diameter of the former is twice the thickneſs of the arch leſs 
than that of the latter. 

And although I have mentioned the deduction of the vacuity 
as common to both che vault and the groin, it is reaſonable to 
make it only in the former, on account of the waſte of mate- 
rials and trouble to the workman, ns cone WT Witing them 
for the angles and interſectibas. 


yu 


Whoever wiſhes to ſee this fubject more fully handled, may 
conſult La Theorie et la Pratique de la Geomerrie, par M. Þ Abbe 
Deidier; a work in which ſeveral parts of Menſuration and 
Practical Geometry are (kilfully handled, the examples being 
moſily wrougkt'out in an eaſy familiar manner, and illuſtrated 
nn WT 


1 , e "g 4 213 1 * 12 


00 r rA 


. v / k * pa * 1 
7 1 p FT? x" 1 4 - . _ 
* — i 
| R ® by "rg 19 I — 8 3 p . £79 
* « £7 ” * =: T "> % 7 9 2 " 4 
5 Innerer 3 


"EX 18 inſtrument is commonly called Cab 


ſliding rule. It conſiſts of two pieces, of a foot 


in length each, which are connected together by means | 
bed 


of a f joint. 

Or. one ſide of the rule, the whole length 
into inches and half quarters, for the purpoſe of takin 
dimenſions. And on this face; there are alſo ſeve 

plain — _ by Con och dlenons 
, which are r plannin ons 
parts taken in —— inches. a 
On one part of the other face there is a ſlider, and 
four lines marked 4, 5, o, and v; the two middle 
ones and e _ upon the ſlider. © 
Three of theſe Iines &, 5, c, are double ones; be- 
cauſe they proceed from one to 10 twice over; and 
the fourth line Þ is a fingle one, proceeding from 4 to 
40, and is called the girt ine. 
* The uſe of the double lines, a and. , is for work 


roportions, and finding the areas of plane 
aaf ce uſe of the girt Ine . e 


FS * 


lin c, is for —— 

When l at the aning of 
then the 1 in the 
end 100. And —.— the 


is counted 


11 then the 1 in the middle is 100, and the io at 
the end 1000, &. and u 


in value accordin 


| 2 


:4Y IS, 


55 


will be 7 the iolat the 


244 CARPENTER”: RULE. 


Upon the other part of this face there is a table of 
the value of a load of timber, at all prices, from 6⁴. 
to 25. a foot. 

Some rules have likewiſe a line of inches, or a foot 
divided decimally into roth parts; as well as 1 
board meaſure, timber meaſure, &c. but theſe will 
beſt underſtood from a ſight of the inſtrument. 


| The uf . SLIDING RULE, 


| pt PROBLEM 1 
vr find the pus of 1206 mumbere, as 7 and 26. 
RULE. 


Set 1 upon A, to one of the hoe (26) age By ; 
. then againſt the other number (7) on A, will be found 
the product (182) upon B. : 

Nete. If the third term runs beyond. the end of the 
line, ſeek it on the other radius, ar pert: of the line, 


and increaſe the product 10 times. 


BR OBLEM n. 
* To divide ont monber by another, as $10 by 12. | 


RULE. 


Set the diviſor/(12) on a, to 1 on's; then againſt 

the dividend (510). on 4, is the quotient (427) on 3. 
More. If the dividend runs be beyond the end of the 
line, diminiſh it 10 or r00"times to make it fall on n. 


ard increaſe the quotient accordingly. - 


PRO- 


— 
8 


CARPENTER's RULE, 245 


- 


PROBLEM UI. 
To ſquare any number, as 7 


RULE. 
Set 1 upon Þ to 1 upon ©; then againſt the number 
(27) AS. pn will be 150 nd the ſquare (729) upon C, 


If you would ſquare 270, reckon the 1 on Þ to 
100 and then the 1 on e will be 1000, and the * 
duct 7290. | 


PROBLEM IV. 
"op extra} the ſquare root of any number, as 4268, 
- RU IL. E. 


Set 1 upon e, to 1 upon. o.,; then againſt (4268) 
the number on c, is (65.3) the root on v. 

To value this right you muſt ſuppoſe the 1 on C to 
be ſome of theſe ſquares 1, 100, 1000, &c. which 
is the neareſt to the given number, and then the root 


8 de I yu D. 


* 


PROBLEM v. 
7 ˙ find a mean. proportional bree any babe * 
at 27 and 450. 
R U LE. 


Set one of the numbers (27) on o, to the e o 
D ; then againſt the other number (450) on c, will 
be the mean (112) on p. 

Note. If one of the ante overruns the line, 


take the 100th * it, and augment che anſwer 10 
times. 
M 3 PR 0. 


1 
=" ww - 


1946 CARPENTER's RULE. 


PROBLEM VI. 


Three numbers being given, to find a Fourth | ond : 
tional ; Suppoſe 12, 28, and 57, 


R U E. 


get the brſt number (12) upon a, to the ſecond (28) 
upon B;; then againſt the third number (57) on 4, is 
the fourth (133 Jon B,. | 

' © Note. If one of the middle numbers runs off the 
line, take the 10th part of it only, and augment the 
The fodingethird p exaAty the ſam 

e finding a roportional 1s © lame, 
the ſecond er being e repeated. 4 

. ſuppoſe a third proportional was required to 
21 and 32. 

Bet the firſt 21 on , to the ſecond 32 on; then 
again the ſecond 32 on B, is 48.8 on A, which is 

f "ts third Proportional required. 


— 1 


5 . — * 5 #4. — OT «4 ct Ge 7 3 i. | ; 


» [The uiſe.of the „ eie in board and timber met wilt be 

ſhewn in what follows. 

If the breadth of a beard be given; ; to find bow much in 
length will make a, ſquart foot. A 

Rule. If the board be narrow, it will be found in the table 
« of board meafure on the rule; but, if not, ſhut the rule, and 

ſeek the breadth in the line of board meaſure, running along 
the rule, from that table 3 then over — it, on the oppoſite 
ſide, is the length in inches required. 
+ The Side of the jyuare of a piece of tinker being given ; 16 fond 
(how much in length will make a foet ſolid. 

RvuLx, If the timber be ſmall, it will be found in the table 
of timber meafure on the rule; but, if not, look for the fide 
of the ſquare, in the line of timber meaſure, running along 
tho rule, from that table, and againſt it in the line of inches 


phate a 6c pda 


® * 4 ; * 


*- 
* 


4 TT 
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TIMBER MEASURE, 


. 


No zL AN 1 
nnn board or 


—— 


ULTIPLY by . th 80 ths breadth, and 
the product will be the.content required. 
"Nete. When the board is tapering, add the breadths 
of the two ends Wefher. and take 4 the ſum 1 _- 

| mean breadth. 


By hs N hou 


Set 12 on 'B to the breadth 1 in inches on A, then 
againſt the length 1 in feet on n, is the content on A, 


* feet Ro fractional parts, as required. 


EXAMPLES,” | 


1. What is the value of a plank, whoſe agi is 18 
feet 6 inches. and breadth 1 foot 3 Nen e e 
at 234. Per foot ?- 


i 10 7 G6 the content. 
. ; M 4 | : 10 


— 
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0 4-0 - 


ad. iu ; 1 8 


* 
in. 1 47 5 
6 1 | F 
in. ; 
34g: : + 


24, ce fur 


TE 25 a 811910 Rur, 
As 1 , 15 1 8þ 25 $ 10} on 4. 


Ld 


2, What 1 the ebenen of a board, whoſe length is 
5 feet 7 indes, and . 1 foot 10 inches? 
in. . 
2 | An — 2 = 
3. At 134. per foot, W is the 3 of a plank, 
whoſe length is 12 feet 6 inches, and breadth 11 inches 
throughout ? Anſ., 1s. 54, 
4. Find the value of 5 oaken planks at 3d, per foot, 
each being 173 feet long, and! ther ann 24 dths 
as follows: viz. two of 1 34 inches in the middle, 
one of 144 inches in the mid adle, and the two remain- 
ing ones, each 18 inches at the broader end, and 114 
at the narrower? — Anf. 11 5% 94s, 


PROBLEM I. 
To find the ſolidity of ſquared or four-fided timber. 


RULE, 


TIMBER MEASURE: 


| * 
1 


» 


RULE 


| Malt ply the mean breadth by the mean thickneſs, 
and this Product again by the length, and KEE, Bie 
the ſolidity required. 


By the SL1binG Rur E. 


As the length in feet on c 22 on : + girt. 
in inches on B;: ſolidity on . 


Note 1. If the ſtick be equally broad and thick throughout, 
the breadth and thickneſs, any where taken, will be the mean 
breadth and thickneſs.. | 

2. If the tree:tapers regularly from one end to the other,. 
che breadth and thickneſs, taken in the middle, will be the 
mean breadth and thickneſs... | 

3. If the ſtick does not taper- rogularly, but is thicker in 
ſome places than in others, let ſeveral different dimenſions be 
taken, and their: ſum. divided by the number of them will: 
give the mean dimenſions. 

This method of finding the mean dimenſions is moſtly uſed 
in practice, but, in many caſes, it is exceedingly erroneous, 

The quarter girt, likewiſe, which is mentioned in the pro- - 
portion. by the ſliding rule, is ſubject to error. It is ndt the - 
fourth- part of the circumference, but the ſquare root of the 
product arifing from multiphying the mean breadth by the : 
mean thickneſs. 

In order to ſhew the fallacy of taking 1 of the girt for the 
fide of a mean ſquare, take the following example : 
Suppoſe a piece of timber to be 24 feet Jong, and a foot - 
ſquare throughout, and let it be flit into two equal parts, 
from end to end. f 

Then the ſum of the ſolidities of the - two parts, by the 
guarter girt method, will be 27 feet, but the true ſolidity is 
24 feet; and if the two pieces were very unequal, the diffe- 
rence would be ſtill greater. 


„ „„ TIMBER MEASURE. | 


BXAMPLES. 


1. The length of a a piece of timber is 20 feet, the 

- breadth at the greater lend! is 1 foot 9 inches, and the 

- thickneſs 1 foot 3 inches; and at the leſſer end the 
breadth is 1 foot 6 inches, and the thickneſs 1 foot : 


what is the ſolidity ? 
1.74 cuter nah, , * 
* rok, Sirens FEY 
eG 9.5 
1.625 tan breadth, 
1.252 thickneſs: 
| * er thickneſs. — 
2392. 25 
T. ier. belag 
Zy Decimals. 
| We 1.625 6 
9 „N r 
WW $125 
3230 
16235 
2625 
* Ne . 1.628125 
| 20.5 
9140625 | | 
36562500 ai 
* 37. 4768625 content. 


= 
9 


TIMBER ME ASU. 31 
By Croft Multiplication. 


37 5 $ 7 — -———- 
By the SLIpun'G Ru'te > 555 


As 1 upon B: 19:5; upon 4 : e A. yy 
upon A, the mean ſquare. 
As 16 upon C : 4 upon D: Supe? 16.2 upon Dy : 
F r, 88 
wats upon C : 12 hn D ©: 16.2 wpon'd © D 


upon c, the 


2. The length of a piece of dimer is 24-5 feet, and | 
its ends are equal dards, whoſe fides are each 1.04 _ 
feet: what is the ſolidity ? 3 26 feet 2 
| 2 The length of a-prare, of ak is 20.38 

and the ends are unequal ſquares, the ſide 98 the 
greater being 194 inches, and tnat of the leſſer gy 
inches: what is the ſolidity ? _ 4nſ 29 feet 4 inches... 

4. The length of a piece of timber 4 27.36 feet; 
at the ter end the breadth is 1.78 feet, and the 
thickneſs 1.23 feet; and at the lefler end the breadth 
2 25 rt and the thickneſs «91 9 * ag; the 
ſolidity | 416 726 fret. 
b ns FG 


\ 


- 252 TIMBER MEASURE. 


PROBLEM III. 5 
To Jud the folidity of round or unſuarrd timber. 


RULE 1s. 


Multiply the ſquare of the quarter g irt es r of the 
circumference) by the length, and ths? product will be 
the content, according to the common practice. 


By the SL1Ding Ru1e. 


As the length upon : 12 * D :: 4 girt upon 
p: content upon c. 


EXAMPLES. 


1. A piece of timber is 94 feet long, and the 
quarter Burt is 39 inches : what 1 1s By ſolidity ? 


6— * 


. » Let e = bin er circumference, and / = length of the 


—_— _— 


wee, p 
ce 
Then — x — x /= rn orga en 
ing to the rule. 
| * | 67 


whole, and — the rule is exceedingly erroneous, 
When the tree is tax ering; the mean girtis found in the ſame 


manner as in board meaſare. Or if the tree be very irregular, 


Without its bark, In oak this allowance is about 


the beſt way is to divide it into a certain number of lengths, 


and find the content of each part ſep arately. 


When trees have their bark on, an allowance is generally 


made, by degucting ſo much from the girt as is judged ſuffi- 
cient to reduce it to ſuch a circumference as it would have 


T6 r 


part of the girt ; but for elm, beech, aſh, &c, whoſe dark is 


not ſo thick, the deduction ought to be leſs, 


By 


—— . — = true content, accord- - 
4X 3.1416 12.5664 n 
ing to the rule for finding the content of a cylinder. 


But — IT Pod. ality © nearly + CST hs 
* N 7 * 7 P | 


TIMBER MEASURE. 


9.75=94 feet. 


— 


—_ == 


102.984375 =ſolidity, 
By Croſs Multiplication, 


V. in. 
3 38239 inches. 


4. 


211 0 9 


102 11 9 g sii. 
By the S1 I DIV G Rule. 


12671 91 upon 0: 


c, the content. 


12 upon D:: 39 wfon D: 103 gen 
9 2. The 


2 TIMBER MEASURE. 
2. The length of a tree is 25 feet, and the girt 


throughout 2+ feet: what is its ſolidity ? 


| Anf. g feet 9 inches, 
3- The length of a tree is 141 feet, and its girt in 


the middle 3.15 feet: required the ſolidity ? 
Anf. 9 feet nearly. 
4. The girts of a tree in 4 different places are as 
follows: in the firſt place 5 feet 9 inches, in the 
ſecond 4 feet 5 inches, in the third 4 feet 9 inches, 
and in the fourth 3 feet 9 inches ; ; and the length of 
the whole tree is 15 feet: what 1 is the ſolidity ? 
Anſ. 20 oo. 5 inches, 
9. An oak tree is 45 feet 7 inches long, and its 
quarter girt 3 feet 8 inches; hens is the ſolid content, 
allowing +; for the bark? Anf. 515 feet, nearly. 
RULE II.⸗ ; 
Multiply the ſquare of 4 of the yu by twice the 


length, and the pron will be the ſolidity, extremely 
near the trulb. | 
By 
* Let c=circumference, and 1=length, as beſore. 
27. 5 
Then — X — x 2 2 nn of the tree 
5 5 25 12.5 
according to the rule. 
And the true content is = _— as was before ſhown. 
4 ** 6 


1 
. al! — of 
But - . "IT —— by only about . part 


i ant is therefore ſufficiently near the truth for any 
practical purpoſe. 

This rule is full as eaſy in practice as the falſe one, and 
therefore ought-to be generally uſed, ſince the eaſe of the other 
methed is the only argument which is alledged for employ- - 

| ing it. | | The 


TIMBER MEASURE, "£5 
By the $S,.ivinG RU. 
At twice the length upon o: 12 fen 2:4 of the 


girt upon d: content upon c. 
0 EXA 1 


r 


2 
1 


| e given mo by Me, Barrow, a and ie 
ſtill nearer approximation. 
Rule. Mukiply the ſquare of the circumference by hs 
length, and take r of the product; from this laſt number 
| ON e / ahd the remainder will be the abe. > 


* 


8 
e 33 2 of #1 very nearly, =" x 1 2 
e. 


= of =, w which. is the fume = the rule; and differs 


from the truth by only 1 foot in 2300. 

The following problems, as well as many other things in 
this ſection, were taken from Dr. Hutton's Menſuration. They 
are given to ſhew the artifices that may be uſed in meaſuring 
timber according to the falſe method now practiſed, and the 
abſolute neceſſity there is of aboliſhing it. | - 


/ PROBLEM I. Ag 
To find where 4 tree muſt be cut, ſo that the two parts, 
_ meaſured ſeparately, ſhall produce a greater folidity than that of 
the whole tree, or any other two parts of it, 


Ref z. Cut it through exaRtly in the middle, or at f of 
the length, and the two parts will meafure the moſt poffible, 
Demon. Put 6 = greateſt girt, g = leaſt, x = girt at the 

ſection, 'L = whole length, and z = length to be cut off the 


leſs end. 
Then, by fimilar Danes 1 1221 W or x 2 


But TAK AOT N „g= a maximum, 


And if the fluxion of this expreſſion be put equal to nothing, 
and the value of 4 be ſubſtituted inſtead of there will 
7" 4 


reſult $=43z, QE.D, 
Example, 
6 Regt 


11 TIMBER MEASURE. 


EXAMPLES. N 5 

I. A piece of timber is 94 feet long, and 3 of the 
tin 1s 2.6 feet: what is the e * rw) 

; By 


- -- 


„„ 2 


— i 2 — 


Example. Suppoſing a tree to girt 14 feet at the greater end, 
2 feet at the leſs, and $ feet i in the er en 
i za feet. 
| you by. the common metiwd, the'whole tree meaſures 
only 128. 
But, when cutithrough the middle, the greater _ meaſures 
121 feet; and the leſs part 25 feet; 
And the ſum of theſe two parts is 146 feet, which exceeds 
the whole by 18 feet, and is the moſt that it. can. be made to 
meaſure by cutting it into two parts. 


PROBLEM II. 


To find where a tree muſt be cut, ſo that the part next the. 
greater end may meaſure the moſt poſſible, 


Rule, Cut it where the girt is 4 of the greateſt girt; and the 
greater end will meaſure to the-maſt poſſible. | 
Demon. By uſing 8 — notation as in the laſt 2 


: we ſhall have #-= — * and 0 * X a 


maximum. 


en this be par into Ruxions, ir wilt. sive a = = — 


9 
Go 

10 5 50 lei Q_E: D. 

Example. Taking. here the ſame example as. before, we 

man have 128 2 . 74 = length to be cut off, 243 = 


length of the remaining part, and-44 => girt at the ſection. 

But the content of the whole tree is only 128 feet, and the 
content of the greater part 13547 feet, which exceeds 128. by 
7495 and 4s the greateſt FR. 


* 


Nite, 
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* 
— 


131. S 200 mcontent, 


Note, If the greateſt girt does not exceed 3 times the leaſt, 
the tree cannot be cut as is required by the problem; for 
when the leaſt girt is exactly equal to 4 of the greater, the tree 
already meaſures to the moſt poſſible, 


PROBLEM II. 


To cut a tree, fo that the part next the greater end may meaſure. 
exatly the ſame as the whole tree. | 


Rule 1. Call the ſum of the girts of the two ends 1, and thelr 
difference d, 1 „ KA 

2. Multiply d by the ſum of d and 4. and from the ſquare 
root of the product take the difference between d and 22. 

3. Then as 2 is to this remainder, ſo is the whole length 
ol the tree, to the length to be cut off the ſmaller end. 


Demaa. 


— — — — — 
. 


- —— D e -— — —— — _ . —— © 
- 


: 14+3-0996 6g 


is "TIMBER MEASURE. 


By the ls Rus. 


45 19. 15 upon C ; 12 upon D:; 314 in. upon b: 132, 
rhe content upon o. 


2. If the length of a tree be 24 feet, and the girt 


throughout 8 feet: what is the content? 

4 Anſ. 123 feet, nearly, 
3. If a tree girt 1 4 feet at the thicker end, and 2 
feet at the ſmaller * required the ſolidity when the 
length is 24 feet Anſe 115. feet, nearly, 
4. A tree girts in five different places as follows : 

in the firſt place 9.43 feet, in the ſecond 7. 92 feet, in 
the third 6.15 feet, in the fourth +74 feet, and in the 
fifth 3.16 feet; and the whole length is 174 feet: 
what is the folidity? | 42 54-4065 feet, 


2 tht. tes. ac tit. 


_ 


* Demon. Ufing ſtill * ſame notation, We ſhall have $31, = 


| d 
LE X o +=}*3 and by EY for x its value — + K. 


1 V4r+d ry ade; x 


4 r QE. D. 

The rule may be illuſtrated by taking the ſame — as 
in the laſt problems. 

Thus, fince s = 16, d = 12, and the length x = 32, 42 


* 76 X12 —20=5 /49—263=13-599118= length to 
be cut off; phy ana kan s breed pepe Ny wel 
18,400882. . SIR 
Alfo, 4 x 72 * een 69966f =girt at 
the ſection. Whence the girt in the middle of the greater part is 


= 10. 549834, ws part is 4.637458, and 


2 


; the content of this part is 2.637459\* x 18.0088 
OF 


E= 128 the ſame as the content of the whole tree. 


* *; * ad 


5 6+ | 3 5 S 
SPECIFIC GRAVITY. 


THE ſpecific gravities of bodies are their relative 
weights contained under the ſame given * 
tude, as a 2 foot, a cubic inch; &c, 
8 he ſpecific gravities of ſeveral ſorts of bodies are 
xpreſſed by the numbers nme in 0 
ollowing table. 


A table of the ſpecifie pride of bodies 
Fine gold 19640 Brick - 2000 
Standard gold - 18888 Light earth - 1984 
Quickſilver - 14000 id gunpowder 1745 
Lead — 11325 Sw - 1520 
Fine filver - » 11991 Pitch _ = | 1150 


Standard filver * 10535 Dry box wood ©? 1030 
Copper 9000 Sea water 1030 
Gun metall 8784 Common water ooo 


Caſt braſs - 38000 Dry oak* - 925 
Steel ' - = 7850 Guipowder, ſhaken 922 
Iron - -- 7645 Dry aß - - 800 
Caſt iron 


| 7425 Dry maple - - 755 
Tin. N 8 Dry em - 600 
Marble 2700 Dry fir 3550 
Common lone «2320. Core: 240 
Loom - <= 2160 Air - 14 


Note. As a cubic foot of water weighs juſt 1000 
ounces Avoirdupois, the numbers in this table expreſs 
not only the ſpecific gravities of the ſeveral bodies, 
but alſo the weight of a cubic ſoot of each, in Ro 
dupois ounces ; and hence, by proportion, the we Fer 
of any other quantity, or the quantity of any o 

weight, may be readily known. 3 11 


* a Aa 
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? PROBLEM I. 
\ To find the magnitude of a body from itt eight being” 


gives 
1 > RULE. | | 
As the tabular ſpecific gravity of the body, wo its 


weight in Avoirdupois ounces, 
So is one cubic. foot, or 1728 - te Inches, Wits 


| content in feet, or inches, reſpectively. 
5 EXAMPLES. |, 
uired the content of 'un hooks. Hoch * 
which weighs i et, or e 


1127. 
1 


di Re 


A ' * , 
* " 4 1 - 
* = . "4 N * * 4 k 
AS % © 113 5 ' * 
1 n * „ dg e 
i — 1 
. 


0 - * 3 
- 4 — * * * g 
P # ws f 16 e * 
12544 % * 3 
* * 4 N 1 4 * 
I 3 0 N . * 
I 2 | *Y 
79 ' 1 * 0 . 


ff , — 9 
8 _ 


„ — 9 " 
7 * N 1 
29 f _ 
= 
M 016 * nnn * — 
N 4 * . | 
- * 0 
, - , — % 
1 


E 
8 
> 
* 


SPECIFIC GRAVIT TI. 260 
2. How many cubic inches of gunpowder are there 0 


in one pound weight? Anſ. 30 nearly. 
3. aw many cubic feet are there in a ton wei t 


4 oak? ae Au. Zett 


PROBLEM II. 


To find the a of '@ an iti — being 
gu flo OL AP; 


As one cubic foot, or 1728 euhic en is to the 


content of the body, 


So is its tabular reer gravity, 4 to the weight of | 


the body. 


1. Required the weight of a block of marble, Whoſe 
length is 63 feet, and its breadth and thickneſs each 
12 feet; theſe. the dimenſions of one, * tho. 
ſtones in the walls o Balbec. N 

IS . 
Wor Re 
12 
n ee: 
3 
— E— "oy 
. 6350400 
1814 | 


| 164 + | 28 24494400 FI 

112 — 1 a ; 

20 | 13668cauors. | | 
. 683 ton. 

46 5837 tons which i equal tothe burthen of e. 


TOI We 2. What 


1D aw! e 56 fs 


= K \ N 4 
- © oi . * * 2 | 
n +. , bs I. 
ie », * * 8 4 20 Wo E 2 * - * 1 4 
N % 4 * 2” - - a. : 9 - £ \ © e 
= W oo . — Ad 5 » \ * 
. " ii rs I. 
* © 1 1 * ad 
% K - © * ” 4 . . 
” 4 TRY 4 
> Vl SCE 
. . - - . , 
© : : 
. : 


- 


% - 
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2. What is the weight of a pint of gunpowder ale. 


mire? 5 An. 19 0z- nearly. + 
3. What is the weight of a block of dry p44 which 


meaſures ten feet in __ 3 feet in breadth, and 2+ + 
N e e enn 


21 rROBIEM II. 


n cif ee of bh 
RULE |: 


C eee e 
i beth water and out of water, and the difference 
be the weight loſt in the waters 
* rern es in water, is to the whole | 


J 


 BXAMPLE, 4: Mr; 
A gies of fleas weighed in air 10 pounds, but in 


9 
wa 
I 

— 

0 


5 A " : a ; . 
4 oo 
— : 
« l = — - 
. . d. 0 q „ * , 
- 
= 
” 
- 
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Caſe 2. When the body is lighter than water, ſo 
that it will not quite ſink ; affix to it another body 
heavier-than water, ſo that the maſs he hears of 
the two may link together. - 
Weigh. the heavier body and the compound mat > 
ſeparately both in water and out of it, and find how 
much each loſes in water, btn! its weight i = 


water from its weight in air. 4 
Then as the difference of theſe remainders is Ska 

weight .of the light body in air, 5 
So is the ſpecific bee Ger to the ſpec It; 

rr enn N 
: 1 _ 7 # | EXAMPLE, 4 * «£442 * 


e bf elm weighs 1 in air glb. and 


tar poco of per whicFwa) hs 181b. in air, and 
161b. in water, is | Mixed to it, and that the compound 
of the ela} + in water ; ng ance? 
EE En 
Carta ve al 65 e 
| 3 ee 
| 7 | LA bp +. 9 
; 3 Sri 15 | 


25 * 5 22 1000 : 600: Anſe 


——— „ * 


WW # t 4 


1 e VW. 
To find the quantities of twe ingredients in @ given . : 
cempou ma. Niere, 


1 4 a 
* : - * = | 4 
— - 


ii 


SPECIFIC GRAVITY. 
F 
Tale the differences of every pair of the three ſpe- 


cific gravities, viz. of the compound and each i * 
Aient, and multiply che difference of every two by the 


Then as the preateſt product is to the whit weight 
'of the compound, fo is each of the other er to 


the weights of the Wes: tire : 


1 "FI? 


26 


n Au is 
A compoſition of 112b. being wats of en — : 
copper, whoſe ſpecific gravity is Found to be 8784 ; 
Required the quantity of each ingredient ? The ſpe- 
e N te eee e : 


90 5 
7 7380, - WJ | 
1880 
8784 
702720 
$2704 
An and 
14757120 | 1581120 
14757120 : 112 :: 213176000 
3 8 5 — FIZ 5 
26352000 
% 13176 
e 
— mm——_ —— 
© 44757120)1475712000(100' + 
3 xoolb. of copper 1 — 


MS- 


5 729 ne 


MISCELLANEOUS” QUESTIONS.” . 


, © % 
: . « A = Y * 1 17 
1 7 . 1 7 4 # 3 # 4 $5 Iz, 


1. THAI difference is there between a floor 
48 feet long, and 3o feet broad, and __ FI 
od exch of half the dimenſions? _ 1 1 7 | 
3. From a mahogany plank 26 inches broad, a 700 

and a half is to be ſa «A, off; what diſtance hos the 

of end muſt the line be truck ? Anſ. 6.23 feet. 
3. A joilt is 84 inches deep, and 3F broad: what 
will be the dimenſions of a ranting juſt as big agpin | 

as the joiſt, that is 44 inches broad 

An 12,52 10 dead. 
4. A roof is'24 feet 8 inches by 14 feet 6 inches, | 
and is to be covered with lead 4 TH to the foot; 
wy will it come to at 184. per A 
A436. 221, 198. 103d, 

5, What is the fide of that equilateral triangle, 
whoſe area coft as much paving at 84. per foot, as the | 
rn the three fides did at a guinea per yard? — 

: Auſ. 72.746 ert. | 

6. The two fides of an obtuſe-angled triangle are 
20 and 40 poles: what muſt the length of the third 
fide be that the triangle may contain juſt an acre? 

.% A 58.876, or 2 ogg. 

7. If two ſides af a triangle, whoſe area is 604/ 3. 
be 12 and 20: what is the third fide? 4, 8. 

8. If an area of 24 be cut off from a triangle, 
whoſe three fides are 13, 14, and 15, by a line pa- 
rallel to the ſide: what are the lengths of the 
ſides ineluding that area? | 

42. . 2/14, and 4.112 
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9. The diſtance of the centres of two circles, 
whoſe diameters are each 50, is equal to 30: what is 
the area of the ſpace incloſed by their circumferences ? 

4% 559-119. 

10. The area of an equilateral triangle, whoſe baſe 
falls on the diameter, and its vertex in the middle of 
the arc of a ſemi-circle, is equal to 100: what is wa | 
diameter of the lemi-carcle : 

45 26. 3214. 


"A 1. The four ſides of a field, whole diagonals are 
equal to each other, are 25, 35» 31, and 19 poles, 
* what is the area? _ 
: Anſ. A ac. 1 ro. 38 poles. 
12. What is the length of a chord which cuts off 
of the area from a circle whoſe diameter is 289? 
| Anſ. 278.6716, 
13. A cable which js 3 feet lon inches in 
compaſs, weighs 22/65, what wi a fathom of that 
cable weigh whoſe diameter 1 is 9 inches? 
Anſ. 434-261bs, 
14. A circular kſh-pond i is to be dug in a garden, 
that ſhall take up juſt half an acre, what muſt the 
I" of the chord be that ſtrikes the circle? 
E's 415 25. 75 yards, 
15. A carpenter is to put an oaken curb to a 70 
well, at 82 per foot ſquare; the breadth of the curb 
is to be 74 inches, and the diameter within 3+ feet: 
what will be the expence?. Af. It. 21d. 
16. Suppoſe the expence of paving a ſemi circular 
plot, at 20. 4d. per fcot, amounted to 10l. what is the 
diameter . 21050 14.7737. 
i 217. Seven men bought a grinding-ſtone 60 
inches in diameter, each paying * of the ex- 
Oy, ; what part of the dener muſt each grind 


For an excellent . conſtruction of this n 
fee Dr. Hutton's Diarian 9 Page 56 


1 
9 * 
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down for his ſhare ? Au. The 1. 4.4508, 24. 
4.8400, 3d, 5. 3537, 4. 3 55. 7.279. 6th, 


9.3935, and abs 7th. 22.6778. 
18, A gentleman yard a garden 100 feet long, and 


Jo feet n and a gravel walk is to be made of an 
equal width half roun ie: what muſt the width of the 
walk be ſo as to take up juſt half the 1 
I nf. 25.968 feet. 
19. In the midſt of a meadow well ſtored with 
rats, A ; 
I took 55 an acre to tether my aſs; 
How long muſt the cord be, that feeding all 3 19 
He may'nt graze leſs or more than an acre of 
| ground? Anſ. 30.250 Hardi. 
20. A maltſter has a kiln that is 16 feet 6 inches 
ſquare; now he wants to pull it down, and build ia 
new one that will dry three times as much at a time ag 
the old one did: what muſt be the > length, of its ſiged » 
Anſ. 28 feet 7 inches. 
21. If a round ciſtern be 26.3 inches diameter, 
and 52.5 inches deep: how many inches: diameter 
muſt a ciſtern be to hold twice the quantity, the depth 
being the ſame ?  - Anſ. 37.19 inches, 
22. A May-pole, whoſe top was broken off by a 
blaſt of wind, ſtruck the ground at 15 feet diſtance 
from the top of che pole: What was the height of the 
whole May- pole, ſuppoſing the length of the broken 
2 to be 39 feet ? A. 75, feet, 
. What wilbthe diameter of a globe be, when. 
he olidity and ſuperficial content thereof are equal 


to 2 other?  Anſ. 6. 
| How many three inch cubes can be cut out of 
a 7 inch cube ? Af. 64. 


. A farmer borrowed part of a hay-rick of his 

Wy. dreur, which meaſured 6 feet every way, and 

0 him back again 9 82 two equal cubical "TW 
edc 
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each of whoſe ſides were three feet: Query, whether 
the lender was fully paid ? 1 
C Anſ. He was paid 4 part only. 
26, What will the painting a conical church-ſpire 
come to at 8d. per yard; ſuppoſing the circumference 
of the baſe to be 64 feet, and the altitude 118 feet? 
5 | hd Anſ. 141. or. 83d. 
27. What will a marble fruſtum of a cone come to 
at 125. per ſolid foot; the diameter of the greater end 
being 4 feet, that of the leſſer end 1+ feet, and the 
length of the ſlant fide 8 feet ? Anf. zol. 1s. 104. 
28. The diameter of a legal Wincheſter buſhel is 
184 inches, and its depth 8 inches: what muſt the 
diameter of that buſhel be whoſe depth 1s 75 inches? 
f %S | | „ | An. 19. 10671. 
29. Three men bought a tapering piece of timber, 
which was the fruſtum of a ſquare pyramid; one fide 
of the greater end was 3 feet, one ſide of the leſſer 
end 1 foot, and the length 18 feet: what is the length 
of each man's piece, ſuppoſing they paid equally, and 
are to have equal ſhares? A. If. 3.269, 2d. 4.559, 
N 3d. 10.172, reckoning from the greater end 10 
elſe. | 
0 8-4 Suppoſe the ball at the top of St. Paul's Church 
15 6 feet in diameter: what did the gilding of it come 
to at 37d. per ſquare inch? | 
| | Anſ. 2371. 15. 10 f. 


31. A perſon wants a-cylindric veſlel of 3 feet 
deep, that ſhall hold twice as much as a veſſel of 28 
inches deep, and 46 inches in diameter: what muſt 

be the diameter of the veſſel required ? 1 

| | 50 1 An. 57.37 inches, 
32. Two porters agreed to drink off a quart of 

ſtrong beer between them, at two pulls, or a draught 
each; now, the firſt having given it a black eye, as 
it is called, or drank till the ſurface of the liquor 
touched the oppoſite edge of the bottom, gave the 
= 5 8 remaining 


\ 


% 
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remaining part of it to the other: what was the dif- 
fexence of their ſhares, ſuppoſing ! the pot was the 
fruſtum of a cone, the depth being 5.7 inches, the 
diameter at the top 3.7 inches, and that of the bottom 
4-23 inches Anſ. 7. oy cubic inches; 

33. Three perſons having bought a ſugar-Ioaf, 
want to divide it equally amongſt them by ſections 
parallel to the baſe; it is required to find the altitude 


of each perſon's fhare, ſuppoſing the loaf to be a cone, 
whoſe height is 20 inches? An. 13.867 the. 
upper part, 3.604 tbe middle part, and 2.5 28 the lauer 
arr.. 1 


34. How, high above the ſurface of the earth muſt 
a perſon be raiſed to ſee 3 of its ſurſace? ? 
ns Anſ To the height of the. earth's diameter. 
35. A cubical foot of braſs is to: be drawn into a 
wire of 2s of an meh in diameter; what will be the 
length of the wire, allowing no leſs in the metal? 
; Auſ. 97784.797 yards, or near 56 miles. 
35. A gentleman. has a bowling-green, zoo feet 
long,. 2c feet broad, which be- would raiſe one 
foot higher, by means of the earth to be dug out of 
a ditch that goes round it: to what depth muſt : the 
ditch be dug, ſuppoſing its breadth to be every where 
8 feet? Anſ. vv feet. 
36. Of what diameter muſt the bore of a cannon 
be, which is caft for a ball of 241bs. weight, ſo that 
the diameter of. the bore may be 0 of an inch more 
than that of the ball? Anſ. 5.757. inches. 
37. At what height from the bottom muſt an up- 
right cone be cut, fo that the greateſt cylinder poſſible 
may be-formed from the lower part of nt? 
Anſ. At 5 of the height: * 
38. Theellipſe in Groſvenor ty meaſures 840 
links acroſs the longeſt way, and 612 the ſhorteſt, 
within the rails: now the walls being 14 inches thick, 
it is required to find what ground they incloſe, and 
| -. N'3 what 
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what they ſtand upon? A,. They inc ac. oro. 
6 po. and fland on 1 Ahh rt ere 4 
49. If a heavy Ghere whoſe diameter i FO Inches, 
be put into a conical glaſs, full of water, dia- 
meter is 5, and altitude 6 inches; it is required to 
find how much water will run over 
| Anf, 35 of @ pint near 
40. Suppoſe i it be Grands by Hof gin 25 | 
man of war, with its ordvance, rigging and appoint- 
ments, draws fo much water as to Sifplace 50000 
Cubic feet of water: required the weight of the veſſel: 
Ans. 1395 Tc _t0ns. 
41. One ev'ning I chanc'd with a inker to fit, 
Whoſe tongue ran a great deal too faſt for his wit; 
He talk'd of his art with abundance of mettle ; 
So I aſk'd him to make me a flat-bottom'd kettle: 
Let the top and the bottom diameters be, _ 
In juſt ſuch proportion as five is to three: 
Twelve irches the depth I gropos'd, and no more; 
And to hold in ale gallons Hr lefs than a ſcore. 
He promis d to do it, and ftrait to work went; 
Bat when he had done it he found it too ſcant. 
He alter d it then, but too big he had made it; 
For though it held right, the diameters fail'd i it: 
Thus making i it often too big and too little, 
The Tirker at laſt had quite ſpoilt his kettle ; 
But he ſwears he will bring his faid promiſe to paſs, 
: Or elie that he'll ſpoil every ounce of his braſs. 
No, to keep him from ruin, | pray find him out . 
The diameter's length, for he'll ne'er doit I doubt. 


Anſe The bottom Giameter is 14.6417, and the zop 
« eiameter et. 6 N 


A TABLE. 


| "FF 5<} HIS or Tur 


AREAS on TE SEGMENTS OF A emeir, 


Whoſe Diameter le Unity, 12 ſuppoſed to be divided into 
| roco 1 Parts. 


— — — * r 


Ver Ver: Ver- 8 
ſed |Seg. Area. ſed |Seg. Area. ſed Seg. Area. : 
Sine. Sine. | 1 e. » | 
en — — — — | 3 
| ,001|,000042 ||.024|.004921 |}.047]-013392 | 
oo. oo ig . 025. 05230 . 48.013818 
,003,.000219 ||.026].005546 049] 014247 
oog. oo 337 . 27. 05867 . oo. 014687 
.oo5|.000470 . o28 . 6194 l. 051015119 
,006|.000618 ||.029|.006527 . oz. 015561 
,007|.000779 |.030|.006865 [f.053}.016007 
.oo8[.000951 ||.031|-007209 [.054}.016457 
,oog|.001135 . 0320. 0975 58 [|.og5.or6grr | 
o. 001329 . 033. 0913 . 056.07 369 | 
011. 001533 . 034]. 08273 . 057-0178314 
0 12.001746 . 035-8638 . o 58.018296 
|,013].001968 . 036. o 9οο e {|.o5g}.018766 | 
0 14. 02 199 ||.037]-009383 . 060. 019239 
015 oo2438 l. 38. 09763 . 061.0197164 
0160.002685 . 039010148 . 0624. 201964 
.017].002940 ||.040|.010537 06% | 
.018],003202 . 0410.010931 664 0211684 
019. 003471 . 42.011330 [|.o065|.ozT6gg þ 
ozc|.003748 . 043011734 . 0660227544 
o 21. 0403 1 . 44.012142 . 067022652 
0220.004322 . 45. 125 54 l. 068. 023886 1 
0231. 04618 [.046|- -01297 1 .o69|.023659 | 
The 
/ 75 


1 0 


024680 


4.025 199 
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027289 
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030526 


. 0831.031076 
031629 
85 032186 
086 


32745 


036162 
036741 


038466 


039087 
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02 042080 


026761 5 


028356 *1 . 
028894 
029435 
029979 | . 


033307 
033872 = 

| 034441 . 
090. 35011 
035585 J. 


237743 
995 539 


040276 


OO R754 ; 
101041476 


3] 042687 


. 043908 
0445 22 
«045139 
045759 
046381 
-047005 
. 047632 
048252 
4889 
49528 
50165 


3g Ver- 


-043296 | 
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ine. 


Seg. Area. 


. 136 


137 
138 


140 


050804 
05 1446 
os 2090 
| 052736 
+05 3385 


139], 


141. 
| „142 5 
143}. 
1441. 
145. 
146. 
-147]- 
148. 
145]. 
Ic. 
151. 
28 
1531. 


064074 


| .0647C0 | 


273 |] 
The Areas: of ths Segnients of a Circle. 


Ver-l ver- Ver- 
ſed ¶Seg. Area. ſed |Seg. Ares. ſed Sie hes 
Sine ine. I sine. 3. 
36 11 * | n 
. 1691.087785 2477750 | .235|. 140688 
1700.088535 . 203. 114230 236141537 
1710.089287 . 204. 1150f35 237142387 
72. 09 . 2050.115842 2380.143238 
172]. 90797 . 2060. 116650 . 239144091 
1174.091554 . 20%. 1174560 240 144944 
175092313 . 208.1182271 240145799 
170. 9307 209. 119083 1.242 145655 1 
177] 093830 J. 210. 119897 243/1475612 
1780.094601 . 2110. 120% . 244148371 
-179 .095366 . 2120.121529 . 245149230 
.18c},096134 J. 2130.122347 fl. 2400. 50091 
1810.096903 . 214123167 . 247. 130953 
182 097674 215) 123938 1.245 15187 
1831.098447 .216; 124810 | .249|.15 2680 
| -184} 099221 ||-217 125634 2500. 153546 
1850.099997 [2180.126459 2510.184412 
186. 100774 . 219. 127285 252155280 
187. 101553 . 220128113 . 253/.156149 
1886.102334 . 2210.128942 . 254157019 
189. 103116 . 222129773 255157890 
icq. 103900 223 130605 . 2560158762 
1910.704685 224.1314538 257 159636 
192105472 [ 225132272 |}.258}.,160510- 
| 1930106261 12260133108 l. 259 167386 
| .194]-107051 . 227. 133945 . 260. 162263 
1950107842 2280.134784 2610.163140 
1960.108636 f. 229135624 . 262164019 
1971-109430 . 2300.136465 2631.164899 
1980.110226 2310.137307 . 264. 165780 
1990-111024 l. 232.138 150 265.1665663 
200 111823 l. 2331.138995 . 266. 167546 
2010-112624 . 234139841 . 267168430 


* ” — 
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The Areas of „. 825 2 of a Circle. 


LVer | Ver- Ver-“ 
ſed |Seg. Area ſed. Seg. Area. ſed |Seg. 4 
Pine -. - Sine. Saws > 
þ 169315 199085 . 334229801 
170202 2. 200003 . 335/2307445 
171089 200922 l 3360.231689 
171978 201841 337232634 
172867 . 202761 l. 3380.233580 | 
173758 203683 25924525 . 
174649 204605 340235473 
475542 205527 -|[-3411]:236421 -| 
+176435 |[-399}-206451 342237369 
177330 | .207376 . 343˙238318 
478225 208301 }[-344|-239268 | 
179122 209227 . 3450-24 18 
180019 3.210154 fl. 3460.244169 
180918 314211082 1347242124 
181817 212011 . 3481-243074 
182718 5.212940 [. 349.2440260 
183619 . 317213871 [* 3500. 244980 
184521 3180.214802 . 351.2459324 
185425 9215733 * 3352.246889 
186329 . 216666 fl. 3531247845 
187234 217599 | -354|-248801-- 
188140 218533 |[-355]+249757 | 
139047 219468 . 3560.250715 
18995 5 220404 357251673 | 
190864 221340 3580252631 
191775 222277 113595253590 | 
192684 223215 l- 3600.254550 
193596 224154 361255510 
194509 225093 362256471 
195422 226033 26578813 
195337 3310.226974 36425835 
197252 3320.227915 365259357 
2218. 228898 365285325 | 
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30 261284 . 
3680.262248 
369263213 

370. 254178 |. 
371265144 
372.2665111 J. 

3730.267078 [- 

-3741-208045 |- 

-3751.26901 3 |[- 
| 376 269982 | 
3724.270951 * 
5 +379] 271920 . 304171 
379% 7289 305155 f. 
3800.273861 4131.306140 ||. 
3810.274832 C414. 20% . 
3820.278803 308110 
3830.276775 «309095 ||. 
1.384|:277748 310081 J. 
{.385|.278721 J 311068 J. 
1.386] .279694 419]. 312054 
387. 280658 |- 313041 ||. 
3880.281642 314029 
3891.282617 315016 J. 
390. 283592 423. 316004 
391.2847568. 316992 }f- 
1392.285544 | 317981 (. 
1.393|.286521 l- 4260.318970. 
394287498 427319959 
395.2838476 (. 320948 
3960.289453 429321938 
397290432 322928 
1.3980.291411 . 323918. . 
1-399 +292 390 432-3249292 J 
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Segments of a Cirele. 
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